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INTRODUCTION 



GREAT BRITAIN and her bnllmut dependencies form an 
industnal empitt? pure* aiid simple. It is their buginefis 
and function in the world to be indufttiial, ju«t as it is the 
business of other empires to be agricultural or warlike. Year 
after year, what the Americans would cull our ** niBiiifest 
destiny'* is tlriving us faster and iaHtev into this i>o*<ition— * 
(prcing us to withdraw from merely pivwlucing raw mat4*riiil, 
nri.i *o Gonoentrate more and more ourenei^es on the business 
luahing the world with that raw material ti*ansformBd 
into tinished gooda England is year by year becoming the 
artisan, the fi[iinner, the weaver, the ship builder, the manu* 
facturer^ the engineer of the world. The world is every year 
more and more becoming a sort of colossal agiiculturiBt, to 
in?nder marketable whoso productions is th© business of th^ 
factories and the factory hands of England. 

Now, as the imperial j>osition of Britain depends mainly 

on the excellence with which she does her business as the great 

world- manufacturer, it is evident tliat every intelligent person 

ought to have some accurate knowledge of the subject-matter 

of our business as a nation. What would lio thought of a 

military empire whose citizens kept tliemsclves studionsly 

- ' ignorant of the use of armsf 

Britain is an industrial State, and yet her citizens in the mass are comparatively uninformed about 

tbe nature, extent, rektions, processes, and prospects of the Great Industries that rescue her overcrowded 

provinces from tlie giUf of I'elativc pauperism. Were it not for her manufactures, England cM^uld not 

possibly buy food from foreign countnes for her overcrowded jKppulation, because she wT^uld have nothing 

to offer 114 exchange for that food. In such a case every toiler in the land would have to tlesert all. other 

occupations and strive to wring from the soil the barest sustenance. This ncli realm would in fact be 

led labourers doing nothing, and compeUed to do nothing, but cultivate the land 
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IRON AND STEEI^THE BLAST FURNACE. 
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directly over each steam cylinder ; the stroke of all 
these cyli Elders being 12 feet The steam cylinders 
are worked together by means of the large beams 
before described^ of which there are two to each 
pair of engines. The motion which works the 
valve gear is upon the low-pressure side, and is 
carried across the engine house beneath tlie floor, 
so that by means of one set of hand gear the eight 
valves of the two cylinders are easily coEtrolled 
by one man, or worked by the engine itself, as may 
be desired. The six aii* cylinders, eac4i weighing 
upwards of 25 tons, are placed upon stone piers ; 
and on a level with the bottom of these cyhnders 
is fixed the second gallery, which is reached by 
means of an iron staircajie at eax^h end," Blowing 
engines of this class are capable of discharging 
air at the rate of more than two himdredweight 
per minute, or six tons of air per hour. 

The immediate adjunct of the blowing engines 
are the accumulators, into which the air is forced as 
into a reserv^oir. These have a capacity of several 
tlioiiflands of cubic feet — indeed they ought to have 
twenty times that of the air cylinders, Tliey present 
the appearance of a h«ge ball of malleuble iron 
plates riveted togetlier in the form of a sphere. 
They are used for the purpose of steadying the 
Uast, making it less jerky and more continuous 
than it would be if it were allowed to rush 
rtraight from the blowing engine to the furnaces. 
It must therefore be apparent that the blast 
iumace itself is after all but a comparatively 
small part of the complete apparatus required for 
smelting iron in great quantities ; but as we have 
already deferred the description of it too long, let 
ua proceed with it at once. 

The usual fui-m of a blast furnace is that of a 
truncated cone, rising to a height that vanes in 
diflerent districts from 40 to upwards of 80 feet 
from the ground About 20 feet of this height is 
made up of a square base, which is about 30 feet 
en en^ side in the larger class of funiaces, and is 
pierced with ai*cbes to admit of the introduction of 
the blast and the removal of the slag and the 
molten iron. The arch which is used for the latter 
piurpoee is made larger than the rest, and forms the 
front of the furnace. In large works, as many as 
twelve furnaces are set in a row. Tliey are all 
sapplied with their blast from one gigantic blowing 
engine, while the raw materials, or ** charges," which 
are to be dealt with are conveyed upon a gallery ex- 
tending along the toyis of the furnaces from one end 
to tlie other. As these enormous structures are not 
only subjected to a very high temperature, but have 



also to bear the outward pressure of their seething 
contents, it is necessary that their internal shape 
should be constnicted with the greatest nicety, and 
that the materials of which they are built should 
be selected with the utmost care. The exterior of 
the furnace is generally constructed of sandstone, 
though sometimes gneiss, gi-anite, and even lime- 
stone, are employed. In order to bind the masoniy 
strongly together, it is clasped with bands of wrought 
iron. To prevent the ore and the fuel from pressing 
too heavily downwaixis uf»on the bottom, where the 
molten metal accumulates, the fuinace is greatly 
contracted at the foot, Tlie height of this contrac- 
tion is about the same as its diameter, and it there- 
fore forms a sort of square receptacle which is called 
the "hearth." Immediately above the hearth tlie 
furnace gradually widens out, forming what are 
called the ** boshes." On the proper inclination of 
these to the other parts of the furnace a great deal 
of the support necessary for pi*eventing the raw 
material from *' choking" the blast must always 
depend. As the contractions in the interior of the 
f menace are made up of solid majsomy, and as they 
are greatest in the vicinity of the most intense 
heat, an opportunity Is afibi-ded for protecting the 
exterior walls from an excessive temperature. For 
this imri>ose all the interior is buHt of firebrick 
embedded in fireclay, and a space of a few inches 
is left between the two structures to admit of the 
inner one contracting and expanding without injury 
to the rest of the buililing. From the top of the 
** boshes" the body of tlie furnace generally again 
contracts in a ban'el-shaped curve* terminating, in 
a diameter of about 10 feet, at wliat is called the 
tunnel head, where it ends in a cylindrical struc- 
ture, placed there for the purpose of |>rotecting the 
workmen from the heat Of course, the dimensions 
vary with different fiunaoes. Those that have been 
given are taken from a furnace at Dowlfiis Iran- 
works, in South Wales. The varieties of consti-uction 
are also considerable. Some ironmasters, preferring 
to have a cheaper and less |>enimnent structure, use 
cupola furnaces, which are built altogether of fire- 
brick ; while others add to the stability of such a 
furnace as had already been described by enclosing 
it throughout in a casing of malleable iron plate«, 
riveted toother, and pierced on four opposite sides 
for the admission of the bl^t^st and the removal of 
the ii on. The nozzles which dii-eet the blast into 
the furnace are called " tuyeres," and are mmle of 
cast or malleable ii'on, generally protected from the 
heat by the means of a cuirent of ci>ld water carried 
round their extremities to keep them cool 



AuHvniieetaeHt of 

A Serial EniTiox, in 3Ioxihly Parts, price 6d., 

The Book of Healt 

PART 1 reoiiy Apill 25, pue tiiL 

TJlo Cook of Health is a comprehensive Work WTilicn by Eminent Phyticians and Surg^eons, placing before the i 
in language free from technical obscurity, the principal rules that should be adopted for the prcfecrvaiion of I 
The Contributors include : — 

nement I>uk«a. M.i>. 
Joii«Dh £wu% M.D. 
Sir Joseph Fftyrer. 1L.K1SX.* ir.B..IL 
O. P, Field, M.B.a& 
Shlrler Murptgr. M^CS. 
J. S, PoUoek, ICIX 
Th* Work h** b^<^fl prrp^r*?<! nn-i^r t>ie Edttor^^ip of Vtr Mft!«*olm Mr»rHj». 
iys— '"THE BOOK OF HI ; 
■^. who are responsible for ilie h- 

•.•/**w/<irfi«« mrtm^wnmfy^t mil B«^ttU*rt\arwiU in $fnt ^tjrr* Syihf tH^ihktri, Casskll& Company, Limitso, Lnajeine h'tU, I 



fllf Bladoa Bttaaeit, M.D., P.B.S. 

J. Otiolitoii Brown«, U^li,, ITDi, F.B.B. 
T. I^auder Brunton, ICD., F3.B. 
JiAM Caiit]i«. F.S.a8. 



7^ 
not 
but 




••• ^f^ Indifspen&ahlc Book for Every CyeUst* 

Will be ready in a few days, price 38. ; poat free, 38. 3d. 
The Cycle Directory for 1884. Containing an Alphabetical List 

Cll n»v loMfciNG Cli kind U*,toN, wiih Name* And Addre***! of iheir Ofliccn ; » LUtof »ll Masi r;«^tTr»fi!itk of 
mod Trwlcattien dcalinjt m Ankrlea in any way -''^■. ■ - n> Cycling ; and oT the Hotkl* in the Uiutr 

nth iht Ntme- ' ' -.-..-. 

, Antiiiw of "Ti. 



mended bpr Cvchtts ; together with ihe Wtme* 
iMmpHtd by ChMTles Bpm 



i (where procnf^le) of all Cvci i§T* of 
vid B*xirV; '''' \\kYt\ea* Mv\Ttvt;'^cV«, Past ..i 



U^^h!LLU 4l company, Um»8J>, LmdgM» Hiil^ 



^ 



GREAT INDUSTRIES 



OF 



GREAT BRITAIN. 




ILLUSTRATED. 



Cassell, Petter, Galpin & Co 



LONDON, PARIS &> NEW YORK. 
[all rights reserved.] 



2:313/ §■ o[ . \ 



12 



GREAT INDU8TK1E.S 



GREAT BRITAIN. 



contributor, usually sending out nearly six tiun^s 
an inucb as all the othei-a taken together. Biitish 
India, Egypt, and Bi^azil titand next in oixler. The 
most vahiahle kind of cotton is thtit which is culii- 
vate<l upon the islets neai* the shoi-es of Soutli Cjuxj- 
Hna and Gts^rgia* aiid known an **4Sea-Ishm(i eottou ;" 
' and next in importance m that known as *• Upland/' 



jMiuini of cotton m an uilide of daily manufacture. 
But besides yielding such good re8ult*i when used 
by itselfj Sea-Island cotton is mixed with varieties 
having a shorter staple^ and enables them to be 
itrriwn iiut to a much greater degree of fiiiene^ss ihmi 
wouhl lie possible if tlK»y were used alone. Tlie New 
Orleans cotton enters largely into our manufactur*es. 
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DWTi in New Orleima The ^* staple*' or librc of the 
ftrmer m from one and a half to lidly two inchai 
bi length, and it ia tised for the production of the 
finer f»bne»^ as muslins and lace«, and for sewing 
thj^*ad. The fibres are alK)ut one two-thousandth 
part of an inch in diameter, and may l>e spnn into 
yam of goeaamer-liki^ finenesK. Some Mancbe.Ht^r 
lU-mK have applied the leTerest testate the H]iiimhtg 
capacity of this materiab with the aKtonnding result 
tliat a continuous thread, 1/I2<) miles in length, has 
be(*n drawn from one ponnd weight of it Vani so 
fine tiiAt from 300 to 400 miles arc obtained from a 



It is fine, soft, and white, and fldmirably adapted 
making calicoes, velvets, fustinns, <l'o. For certain 
pniposes, the Brazilian varieties are also held in high 
repute, as fu^ also those of Egy|it, Witli regard 
to Sea-Island cotton, its gi'eat length and finenen 
have been clejU'ly traced to the saline substances 
which the locality aflbi-ds for the nourishraejit of 
the plrtiit. 

In deteraiining the value of any f^Mmjde of oottoHi 
the nierchftnt takes up a small quantity of it^presaet 
it lietween bis fingers^ and watches to what extent 
ilie tibi'es are elastic or become entangled* He tlictt 
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vdtk the forefinger and thmnb of each liand pnlls 
the cotton apart again and agiiin itntil tko fibres 
arrange themselvc?** parallel to each otlier, an<^l he 
can ascertain their average length. During thijs 
process he also not^s the regidarity, 
smoothness, and other qualities of the 
material. Tiie Rpinning quality of the 
wool dB|iends on its length, fineness, 
Kpiral structure, and elasticity. Should 
the lihi'cs 1^ shoii: and of a weak libhon- 
fonii, they will not he higlily esU^meti by 
the machine spinner ; tbotigh from wools 
©f that description the Hindoo women am 
able, with their nimble and highly sensitive fingers, 
to piHxhu^e a yarn of the most tlelicate tenuity. 
Home experts in the cotton trade acquire a won- 
<lei*fnl degree of skill in determining the qualities of 
the wool. They have been kno\^^i to tell the source 
nnd value of samples placed in their handb in a 
<lark room, thus showing 
to how high a pitch the 
sense of touch may l^e 
cultivated. The cotton 
fibres terminate usually 
in keen points, and it is 
o^Hng to this fact that 
cotton cloth, when ap- 
[dietl to the raw surface 
of a wound or ulcer, 
4»iiaeB much iiTitation, 
whereas, cloth that is 
made from flax does not. 
If the fibres of cotton 
be examined under the 
fnicroscoiie, it will be 
fountl that they pi'csent 
the appearance of flat- 
tened cyliiidei-s, with 
Si thickened border at 
either edge, and vein- 
like markings exten fling 
along the centre. Tliey 
are invariably twisted, 
and sometimes tjike the 
form of 8{)inil springs, 
which accounts for the 
re^iness with which 
they combine in the process of spinning. In 
length the fibres i*ange fram half an inch to two 
inches, according to the variety of w^ool to which 
they belong, but all have a pearly kisti-e and 
smooth surface* The normal form of the fibre re- 
maiim almost unchanged through all the processes 
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of manufactiuing, and Is little altei-ed even by lH3ing 
reduced to jmlp and made into [laper. Cliemioally 
conaiilcred, the fibre is pure ciOhdose, its elements 
being carbon and water combined in the same 
atomic projioi'tion as they ai^ in starch, 
but having a diffei*ent molecular airangc- 
ment. 

No fibre is put to a greater variety of 
uses than cotton. It is woi'ked np into 
clothing mat^^rinls of infinite divei'sity ot 
textui^, adapt'ed to every climate, and 
l>ecomiiLg to weami-s in eveiT station of 
life. The leather-like habiliments of tlie 
navvy, and the fabulously-priced laces which R<loni 
the daughters of fortune ; the heavy-folded velvet 
train of the stage duchess, and muslins so fine that 
they have in Elastem hyperbole been describerl as 
''woven wind;" the net of the fisherman and the 
sail of his boat; the wick of the candle by the Hgbt 

of which these wonls 
ai^ written, and, maybe, 
the paper on wdiich they 
npj>ear, have .ill been 
fashioned from the snnie 
material ; nor do these 
by any means exhaust 
the contrasts thnt might 
be mentioned. Tliere is 
not much simihix'ity be- 
tween a bunch of cottc^n 
wool and a piece of ivory; 
yet l>y special ti-eatment 
the former may Iw* made 
into billiaixl 1ml Is, iind 
other articles, rivalling 
the latter in its ni<»fit 
valuable qualities. In 
the hands of the chemist 
the wool shows itself sus- 
ceptiblti of yet another 
change of character, and 
tinder the action of cer- 
tain substances becomes 
converted into an explo- 
sive agent, many times 
more |.iowerful than gun- 
powder. 

We have no record of tlie time when cotton was 
first used as an article of clothing by the inhabitiintB 
of those countries to which the plant is indigenous, 
but there can be no dovibt that it was so used from 
a very remote period. Wlien in full Ijearing, with 
its opened seed-vesselsj exposing their tufts of snowy 
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down, the cottou plant could not ftiil to tittniet 
early notice among tlie shrubs whicli ndorned the 
hill ruts of primeval man, llie lissom tingei*s which 
had learned to fashion gaiments from leaves and 
rt^ds could not long rofi'uin fi*oni expeiimenting on 
t)ie beautilul lilaineuts so tem])tingly outsprejul. It 
wo\iid he fnund that by drawing out and twisting 
the iihixts tliey might be fonned into a throatl of 
yonsiderahle strength ; and subset^j^uentl y the dis- 
covery woidd be made that liy interlacing or 
wea\'ing a nund^er of thi-eads together, a fuhric of 
gi*eat lightness, wannth, and durability might be 
obtained. Thtu^ we may mipptise the foundation of 
one of the greiitest industries m the world was laid 
by a |)eo{ile of whom no record i-emains, ami who 
could not possibly foi^see that their successful ex- 
}>erimeut wotdd in the course of ageii blossom into 
tlie coloss^d tiwie we now see, in which nearly th*? 
entire human nice m either <iii*ectly or indirectly 
concerned, and in which the capital employed must 
be reckoned by hundi-eds of millions sterling. 

Tlie fiiist mention ma<Je in history of cotton 
relates to India, and occurs in tlie writings of 
Herodotus (445 B.C.), where we read that a species 
of plant flourished in that (x>untry which bore a 
fruit filled with a woo! supt^rior to that of the 
sheep, and of which the natives made cloth for 
their garments. Such garments being generally 
worn, leads to the conclusion that the cloth was 
no novelty even in those ancient times, and tliat 
the art of producing it had been known long 
previou.sly. Nearchus, Alexander's admiml, in 
Bailing down the Indus, and along the coast of 
Persia to the Tigiis, in the year 327 B.r,, also 
not^d that the clothing of the HindcK>s wjus " a sort- 
of linen miMle from a sttitf which gri^w upon trees,** 
In the beginning of the Cliristian eia, tlie cotton- 
jakmb was carefnUy cidtivated, and its produce 
, converted into cloth in the Persian j)ro\incf^ of 
Susiamu The factt that cotton cloth has not been 
foun<l on any of the Egyptian mummies, nor the 
cotton plant among their sculi>ture8, is rather 
puzzling, aA it IB believed that the Egy]»tian8 were 
acfpiainted with the tibre from a very early jw^notl. 
Pliny, writing about the middle of the fii-st ccntuiy, 
oayB: "In Ui>fxn- Egypt, on the side of Arabia, 
L^rows the Khndi called by some gossypium, and Iw 
Oiliers xylon, finm which cloths called xjlissa an* 
woven. The pliuit is small, and pro<luces a fnut 
like a walnut, which contains a woolly down that 
nmy be spun into yam. Tliis cloth merits a pre- 
feivnce overall othei-s for its whiteness and softnesH, 
mid is made into beautiful rolies, which the priciits 
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of Egj^pt delight to wear," At the begiuning of 
the second centiu-y, an im[>ortant mart for tniffie in 
cotton goods existed at Eai*oche, an Arabian port 
near tlie north-west coast of India. Tliither Arabian 
vessels brought fiom various jwirts of India cottona, 
calicoes, and plain and Howered musluus. Subie- 
fpieiit writers s[>e4dL of this cx|H:irt trade of Imlia aa 
having assumed considerable dimensions. Marco 
Polo, in the record of his tmvels in the East, in the 
latter half of the thirteenth century, makes frefjui 
mention of cotton. He found it gi-o^^ng abund 
in Persia, and states that there waii at Masulipat 
an extensive production of the finest cottons to 
met with in India. Among the earliest uUusioi 
to cotton in China is the statement that 
emiK^xjr who ascenrled the thmne in the year 5' 
woi^ a robe of this material. A century later, tl 
cottou [flaut wsis cultivated as an ornament in t 
gardens of the Chinese ; and it is a remarkable fi 
that thongli this i-eputedly ingenious people wi 
aware that the cotton wool could be made inl 
cloth, yet it doe^ not api>ear to have occurred 
them to Jipply themselves to the art until t 
eleventh century, when, fi-om being a mere giird< 
shrub, cultivated for the siike of its flowers, 
cott4jn plant began to lie grown in fields, and 
piTnluce to be worked into material for clofthi 
A great im|rt>tus wji« given to the incipient indn: 
by the em[M^rors of the Yuen dynasty, tow^aixja 
close of the tlarteentli century, They enc^i 
and in some cases forced, the inhabitants to grow 
the plant, ini[«D8ing on the provinces an amr 
tribute of cotton wool- In course of time 
people came to see that the croj) was a very a*! 
tagiM:»u8 one, and they devoted themselves to 
cultivation without further nursing by the State 
Cotton fiibrics gradually came into fasLiont ant! 
remain in favoiu* till this day, the Chine«e being 
among the best customei^ for the products of our 
leoms. In Africa, an in India, cotton hits been 
used as a material for clothing from time imme- 
morial. 

Turning next to America, it is recorded 
when 3Iexicti wa.s fimi visited by Europeanfi* 
]:>eople earned on a manufactui-e of cotton clothii 
rare excellence, and of viirietie^ of texture 
in tlie E.i.st. For some purjxj^^^ they wove cI 
with tlitfei^nt figiu'es and coloura, rejirewmi 
varions aniiuals and tlowei^ ; and the waisteoataof 
their ifiiimlees, which were made of cotton and tbe 
fur of bares or ral>luts combined, seeni to luivebefii 
iVHplrndent iji gny coloura. Among the gifla which 
C'ortez made to Chiirles Y. were a vai*iety of 
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mantles, some all white, otLeiii clieqiiei'^il with whito 
and black, or retl, gieeD, yellow, and bhie, rough on 
the oateide, but inside preaentiug neither nnp nor 
coloui*. Si>ecinuniH of hjindkerchiefs, coiuiterpi^Des, 
tajx?stnes, and e^irpets of cotton, were nko brought 
to Eurojje, and it ia remmked that ull these iir tides 
wei'^ moi^ Viduable for the workniaiLship thaji the 
inateimL Owing to the thinness of the cloth, it 
was customary to wear a, niHiti]>licity of garment;^. 
The women apjieai^ed iji four or five vestH and skirt** 
of different coIouit^, the inner ones being longer 
than those outside, so tliiit ii portion of €*ach might 
be seen* The men woih3 mnntk^s and %est8 after the 
same fashion. Evidence of the eai-ly existence of 
the art of making cotton cloth in Peni has been 
obtained in the ancitint tombs of that country, 
where mummies have b-een found swathed in that 
material, and also in mixed stiiiis in which cotton 
was u^etL 

Si>aiji was the fii^t country in Westera Europe 
in which the cotton manufacture wtis estal»lished, 
and during the thirteenth and two succeeding 
centuries the Spaniards enjo3'ed a high celebrity for 
the goods they produced. Tltey wpce the first to 
make fustian, under the name of/^tufnneros, and an? 
alao credited with the fii-st application of cotton 
wool to the making of jmper. An Arabian author, 
who I'esided neiir Seville about the close of the 
twelfth century, gives a detiiiled account of the 
moile of cultivation and prooesses of manufacture. 
The Portuguese do not seem to have emidated 
tlieir neighliours in the matter ; but when they 
found their way to luilia l>y tlin C'ape of Good 
jJojie, they importe<l large quantities of cotton 
fituffk and muslins, some of which were sent to 
various European markets. The Dutch enil)arked 
in tlie same trade at a later jK'riod, and simul- 
taneoujaly began to manufacture cotton at home. 
Gradually the people of the Low Countries tiX)k to 
the new occupation, whicli they had carried to a 
high degree of j>ei"fectii>n, when the religious i>erse- 
cution at the instance of the Court of Spain visited 
them, and many of thera were driven from their 
homes. To refugee^i of this |)eriod we owe several 
important branches of industry ; and one of the 
wisest acts perfoiiaed by Queen Elizabeth was the 
encouragement bhe atTunled to these j^»eople to 
settle in her kingdom. 

During the fifteenth century the ships of Genoa 
brought to oiu* shores large freights of silk, wo<:>l, 
ootton, and paper. TJie trade afterwaixls passed 
into the hands of IjCindon and Bristol shipowners, 
whose vessels brought home from tlie ]>riiicipal 




Mediterniiiean i>oi*t8 Bilks, camlets, isottOQ wool, 
Turkey carpets, (l*c. The only use made of cotton 
woo! in this countiy at tliat time, was in the form 
of candle-wicks. Owing to the jnention of " cotton" 
in various e^idy Englisli works, t\H describing certniu 
varieties of woollen fabrics, some confusion has 
|>i"evailed as to the exact time at wliich the 
iiiaking of cotton cloths ^vas begun in England. 
The wotjllen manufactui'e had been established in 
various pta-tj? of the country hy the Flemings, who 
came over in the time of WilHam the Conqueror, 
and had assumed a consitlerable degree of import- 
ance seveml centnries liefore any attempt was mfwlo 
to introduce the making of cotton fabrics ; at least, 
we have no inlimation of tlie existence of such a 
branch of industr}^ until the year ItUL In I^^vis 
RoWrts's ** Treasury of Tmtfic," printed in that 
year, the following passage occurs : — - 

'* The towne of Manchester, in Lancashii^, must 
also be herein i-emerabeivil, and worthily for their 
encoumgement commended, who buy the [linen] 
yame of the Irish in givat quantity ; and, weaving 
it, retume the winie agahi into Ireland to sell. 
Neither dotli theii* industiy rest liere ; for they 
buy cotton wool in London thsit comes first from 
Cyprus and Smyrna, aiul at home wor'ke the same, 
and perfect it into fustians, vennillions, dimities, 
and other such stuffes, ami then i^etunie it to 
Lt3ndon, whei-e the same is vented and sold, and 
not seldom sent into forrain parts, who have means 
at far easier terms to provide themselves of the said 
fii-st materials/' 

Writing in 1{j62, Dr. Fuller rt^marks on the 
enterprise of the people of Manchester' in buying 
cotton wool or yam brought fi*om fcji'eign juu'ts, and 
weaving the sjvnie iiit^o fustians, *4o the good employ- 
ment of the jmor and great improvement of the rich 
therein, serving mean |Teople for their outside and 
their Itetters for the lining of their garments/' 

IVFeantime, the East India Comjmny had been 
im]K>rting considemVde quantities of Ciilicoes -and 
muslins, in exchange for the woollen cloths of Eng- 
land ; and from \miig regarded only as luxuries 
tli€*se came to be looked u|x>n as necessary articles 
of ajjpar^d. In the year 1G21 alKurt riO,Ot)(> pieces 
of cotton cloth were imported into England, and 
sold at the rat« of £ 1 ]>er pit*ce. Fifty years later 
the value of the import was £160,000. The tii'st 
official mention of cotton wix>l as an article of 
import occxirs in the Customs l>rK>ks fur 1GI>7, in 
which year nearly 2,000,000 lb. weight was laiuled 
at British ports. In the same year cotton goixls 
to tho value of £5,915 wexe ex^wrted. Certain 
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qiialitied of Indian cloth — 
notiiMy the nmslius of Da<?ca 
— were heM in the higbeat 
eatoen), owing to their i-einark- 
fll>le fineness. Tliis ftibric is 
sjiid to bave Ikksq so delicate 
in its texture that it became 
inviiiilile wben Bpi-ead on the 
grass and subjected to the ac- 
tion of tlic dew. Tliis is the 
mat^^nal tUat was de^icnbed lis 
** woven wind/' and among 
other stories told oonceiTiing 
it we reatl that the Mogul 
Emperor Auiamgzebe obser\'e<l 
thttt hia daughter was one day 
di^i^biied in a semi-transparent 
her for her indelicacy. She 
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tissue, and rebuked 
replied by assuring 



her parc^nt that her robe waa 
composed of not less tl 
nine folds of muslin, Tai' 
nier i^tutes that in the cil 
of Calicut — whence the oi 
of the worfl **calieo*' — some 
cloth wa^ made so fine 
it *' could scai*cely be felt 
the band, and the thread 
was scaix-ely discernible.** The 
hand spinners could draw 
pound of cotton into u th: 
two hundred ami fifty 
in length — a marvellous fier- 
lonmance, certidnly, but oner 
wbicli, as we have ali^udj 
mentioned, has been greatly surpassed by the 
fingers employetl in the Lancashire nutk 
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INDUSTBIAL LEGISLATION.— I. 

6v James HsyDSRsoN, oxs of IUI. Afssi^TA^rr-lNt^pECTDiis of Factories. 



IT luity now l»e fairly said that the conti'oversy 
which has been so continuoualyand bitterly waged 
in the United Kingdom as to the right of the legis- 
lature to impose Umitations and restrictions upon 
fii>e labour, is practicidly closed Something yet 
renisuiis to l:»e done, it is true, in the do*ection of 
concentration and consolidjition, for our factory 
laws as they stand upon the statute book are com- 
plicate<i, confusing, and in some degree conflicting. 
But there is no contention now about the principk\s 
on which laws of this kind are to be baaed. The 
success of our factory legislation during the last 
fifty years has convinced even the most strait-laced 
political economists that thei-e are some things 
which limy prove to be highly expedient, although 
they may not be strictly Itiwful if testetl solely by 
the canons of a tlieoi-etical science. All dispute 
as to the right of the State to interpose and pi^tect 
itA subjects from influences which are likely to 
prejudice either their physical or moral welfare is 
ftow lit an end The limita of such interference 
HiY* ailmitted to be simply those of expediency* 
In other words, the existence of the evil inilu- 
ences complained of being proved and established, 
it is not only within the right of the State to 
inteifere, but it becomes its duty to provide a 
remedy which will be at once practi«il and effica- 
cious. We have seen this principle of action univer- 



sally acknowledged by our legislature in later ye 
not only in the laws passed for regidating emplo 
nient in industrijd occupations, but also in those 
which have for their olkjeet the promotion of 
mentary instruction and the iiuproveraent of 
sanitary condition of the people, whether they di 
in town or country. 

To review the history of those causes which 
created this gi-eat change in public feeling 
public sentiment will l>e found both inte 
jind profitablci because while so doing we ihiU 
really trace the histor}^ of the social progrett 
advancement in ci\ilisation of the i>eople. 
now that all differetico of opinion as to the 
l>e<liency of factory legislation is at an end, we 
free to criticise its progress and development witii- 
out reference to the augry and excited discusaioiiB 
which it raised. To tlie impartial obserrer of Uib 
present day, it does appear extraordinary that ao 
much ditficulty should have been experienoed h|r 
those who interested tliemselves in the cause of 
the over-worked factory opemtives in indoeiAg 
Parliament to take efiicient action, so as to remote 
the abuses of which they complained No one ctn 
doubt that any \m\y of pbiknthropists who ooultl 
present such a case supported by such incnntot- 
able evidence as waa adduced l>v the ndTOcatcs of 
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the present day, would receive a verj- different 
amount of support to tliat which was ju "ordetl 
those who pleaded the cause of the factory children 
through many long yenrs of diacoumgement, dinap- 
jKiintment, and dehiy. But it would be ob^^ously un- 
just to apply the knowledge and exjienence which 
we now possess u]K)n tliis important economical 
question as a test by whicli to measure thf* value 
of the opposition oflered to the jiasKing of the 
first Factory Acts. It is really diiticult for us at 
present to understand and ajipi-eeiate the social 
condition of the gi*eat mass of the {jeople of this 
country less than foi'ty years ago. Now that we 
liave efficient public elementary schools estal dished 
even in the remotest comei-s of the lantl, it is iiidet^d 
fliflicnlt to compreheml liow Mr. Leonard Homer, 
one of the firat factory inspectors ap|winte<l, coidd 
have had it in his jxjwer to report, so late as the 
year 1843^ that in au area of eight miles by four, 
emlrtiicing one of the most enteqirisi ng and jKjptdous 
districts in Liincashii'e, and cojnprising tlie boroughs 
of Oldham antl Ashton, with a ]>opulation of 105/iOO, 
there wa^ not at the tlate of his then last quarterly 
leport one public day scho<jl for the children of 
the operative claaaes ! No fact that we can adduce, 
pi-obably, can give a better conception of the extni- 
oixlinar}' and rajiid i>ix>gi*e,ss we have made in the 
matter of public education within tlie memory of 
men who ha'V'c not yet passed the meridian of life. 
The ideas entertained by the generation iumieiliately 
preceding our owu on the subject of social refine- 
ment were very different indeed to those wldcli now 
preTail. There is f^til!, no doubt, great room for 
improvement ; but w hen we read occa.sionally of 
flome exceptional outburst of ileimtvity and de- 
ijnuchery among the depraved and ignorant work- 
[>eople of a jiiu*ticidar district, we must not forget 
the tact that in the lK>yhood — ^possibly in the early 
tnanliood — of the i>eople engageil in these tlisgmceftil 
proct^e^iings, such sceues were of weekly — ay, even 
of daily — occunence* Forty years ago, tlie amuse- 
meutfi of the masses of the working population in 
the mi&nufactimng districts were of the most crtiel 
and debasing character, Such of them as were not 
actually vicious were disgusting ami degniding, and 
when at present indulged in are maile the subject 
of ct»nsure in every newspafier in the kuigilom. 

We desire to make one other oliservatiou before 
tliscnssbig the hLstory of the factory legislation of 
this country in detail It is to the effect that tlie 
hucoessfid termination of the agitation in favour of 
If^giidative restrictions cannot justly be claimed as 
clue to the sj>ecial etibrts either of a social class or 



of a particular political party. It is a fact which 
lY-flects the highest credit uj>on tlie large capitsdists 
and employers of hilxnn" in this country, that fiom 
tlie very beginning of the agitation onwards, juen 
of this stamp were always to be found foremost 
among those wdio souglit to mitigate the suflerings 
of the factory 0]»erativea by legislative inteifei^nce. 
The tii-st man to raise Ids voice successfully in the 
House of Commons on the subject was Sir Robert 
Peel — the first baronet — and he wag a large em- 
ployer of ftictoij labour ; and as we trace the his- 
toiy of the movement downwaixls, %ve shall always 
find among the prominent advocates for restrictive 
legislation large-hearted and liberal-minded em- 
ployers, whose interest it might retusomibly have 
l>een supposed would have induced them either to 
take an opjwsite view, or to remain neutral. With 
still less reason and fjiitness can it he asseited that 
the success of the factor}' agitation is to be cre<btcd 
to any imilicular jiolitical jmrty. Its leadei's con- 
tinuously disclaimed any such idea, and, indeed, 
the whole histoiy of the movement disproves it. 
Tlie vai'ious Factoiy Acts wliich now stjind on the 
stiitute Wok have l>een jmssed now by a Lil>enAl 
ami now l»y a Conservative Government, and tiie 
influence which hjis mainly detennined this result 
has Iveen the accident of either party holding office 
at the moment when puVilic oi»inion was prej^ired 
to make another step in advance towanls futlher 
iiestrictions. Once, and once oidy, in the eoui*se of 
its histoiT* ^Hd the factory question mise an issue 
which involved the fate of a Ministi^'. This was 
in 1844, when the inipoi-tant factory law of that 
year was u ruler discussion. The Bill had been pre- 
paivd and intro^luced by the Government of which 
the late Sir Roljert Peel was tlie head, and the su|i- 
jKjrteiii of the rival measure — the Ten Houtti Bill 
— having defeated the Administration on a divi- 
sion in the House of Commons, the Premier made 
the ipiestion one of confidence or no confidence 
in the Government of the day ; and having thus 
apjiealed to his followei*s, was enabled to revei*se 
the decision of the House, and to can-y his measure 
substantially jus it had been first proposed, so far 
as the limitation of workingdiotn^ was concerned. 
But an examination of the division-lists, even on 
this occasion, shows clearly and conclusively that 
the question was not regaitled then as a pai-ty one. 
Whigs antl Tones are found fairly well intermingled 
among the ***ayes" and 'Mioes." Indeed, the factory 
operiitives of Lancashire antl Yorkshire exereised 
the most poweH^iil influence in eflecting their owu 
emancipation. They were aided, it is true, by a 
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noUle band of i>liilaiithixjpic men, who, irr^j^ective 
of |>oHtics, or of ci^eed, or of social position, gave a 
consistent and sUiJulj 8iii»f>ort to tho&e. schemes of 
l*3gi8hition wliich were j>roj.iosetl wiUi the view of 
lightening tlie burden impose*! upon women and 
cliildren hy the excessive hours of toil exacteil 
fmni thoni when employed in the factory. Some 
of these men ixre happily still spared to as, and 
their public cai'eer would alone lie a suthcient 
HiiswfTi' ivhuo^t to the attempt** wldch h3i\'e from 
time to time been matie to attiibiite their humane 
zeal to narrow party motives. 

The factory system and the neceHsity for a factory 
law hatl a common origii^. They wei'e the i-esulta 
of the introductiou of machinery, and of the siili- 
stitution of mechanifttl power for hand lalioiir» The 
inventions which distiujfuishe<l the iutt<-^r pail of 
the eighteenth centiuy uiaujLfurated a. new em in 
manufactnrijig industry. Up till the year 1760, 
the machines uis^ iu the manufacture of textile 
fabricji were of the most i>rimitive and Jiimple de- 
sci'iption^ Tlie [irocesses of ypinnln^ and weaving 
were, as a rule, peiformed in tiie same cottiige, the 
femades with their dist^ifls or tipuining wheels pi*e- 
ptring the yarn for the men, wlio worked it up into 
cott^ju or wcxillen cloth by means of the hand loom. 
But bttle advance had l»eeu nuule in the cajwieity or 
efficiency of the«e mechanical contrivances from the 
earliest period of hist^iy, and theiY* waa but little to 
cliooae betwe«*n the ja-imitive spinning wheels and 
hand looms of India and those in use in our country 
at the time we aiv now si)eaking of, Tlie intro- 
dut^tion of the cotton manufacture into England 
gave an importjint imjjetu.s to the demand for textile 
mmmfactures ; find the imi»oi-t^ition from huliii of 
the beautifid fabrics produced from this material in 
that country no doubt pmved a powerful incentive 
to iiivontoj's. Th** distatfs of cottage Kpinstei's 
pioved wholly inath^juate to supply cotton yarn 
either of the quality or in the quantity which the 
rapid growth of the tnwle demanded. So slow 
was the |>i*oct?sa of spinning by the hand wheel tliat 
a Hingie family was quit^ unable to keep a weaver 
supplied ; and the latter, iu addition to l>eing com- 
jtf^led at times to |ifiy an exorbit4int price for weft, 
would not iinfreipiently have to travel three or four 
miles of a luurning, ui ortler to collect from dif- 
ferent cottjiges sutficient to keep him going for the 
rcinaiiider of tlie day. In these circumHtnnct^s, very 
naturally, imfirovements in s]iiiming wei^e fii*Rt aimed 
at and encourage<l; ami the credit of the earliest 
npfdly pnicttcid invention in this direction is due 
to Mr* John Wyatt^ of Birmingham, a patent for 



spinning yam hy means of rollers l>eing applied h 
so far back as the year 1738. Twenty yinu-s a 
wai\ls, the principle of this machine was amplifi* 
and improved upon b}' a Mr. Lewis Paul, of K< 
Kington ; and ultimately, in tlie year 1 769, it 
brought to a still higher 8tate of perfection by 
celebrated Sh* Richiirtl Arkwright, In the foUo^ 
ing year, smother impoi-tant advance was made 
the invention of spinning machinery by the inti 
duction of the *' Jenny," wliich was the conoepti^ 
of a man of humble origin named Hargreaves, 
native of Blackbuni, in Lancashire. The Jennjf 
lii'st patented, contained sixteen spinning spindl 
but this niunber was ultimately inci*eased indel 
nit-ely, until by the aid of machinery as many 
one hundred and twenty were driven in one frame.' 
One impi*ovement followed nipidly ujton another in 
the machinery a4lapted for textile spinning, but it 
is hardly within our ]>njvince to trace in detail the 
development of this branch of the cotton manufac- 
tuj^. It is i>erhaps sufficient for oui' pre-sent }>i 
]>o8e to say that by the close of the eighteen! 
century madiinery in factories had so far suf 
sedeii hand labour in cott^iges in the cotti^n mmx\ 
facture, that the whole system and conilitioiift 
pixjduction were i-evolut ionised. A meohani 
jM>wer being an absolute i^cijuisite for the wod 
of these novel machines, and the steam engine being 
but as yet imjierfectly develoi>ed, every stream and 
waterco 111*80 wliich coidd supply pcjwer, in Littt- 
ciishire and Cheshire, soon came to be studded wii 
cotton factories. The mpid ejtpansion of the 
kept more than pace with the inci'cascHl pixnlucti^ 
jxiwer of the machinery ; and as the factories wei 
necessarily j)laced in many cases in I'^mote aatf 
compuatively inaccessible districts, where theit^ 
was but a s|ijii*se population, an extraoi 
demand sprang up for cliildren, yoimg pei-soi 
women, who were found to l>e not only quil 
capable, but |>eculiar]y fitted to attend to, and 
work the various machines now adapted to 
cotton manufacture. A system of app: 
was established, rmd in order to supply the d 
of labour, thousands of children and young pei 
were ol>tainpd from the towns and more ]x>j 
localities of the countiy for the cotton mam 
tuiing districts. Tlie ]>tiu[>er children from t 
workliouses of some of the large to^iis were drai 
in lai-ge numbers to the aame localities, and 
l»rentice<l to the millownei's under citx^miiBtaiiOift 
whieli were very liable to lead to grare almm 
The mills were often situated in remote aiwi 
unfix^fjuented localities : the owneiv of them i& 
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many cases, if not actuallj uoia-resident, left the 
details of management very much to their ovei'seers, 
who were paid in proportion to the amount of work 
done. Every ek^meiit was liere jn^esent wliich 
€X|>erience shows is liable to lead to gi^oss abuses. 
Unprotected chiltlrt^n, apprenticed for a long term 
of years to employ ei*s who were negligent or in- 
different as to their treatment, titsk-mastei's whose 
liearts were haixiened by avai-ice and the love of 
gain ; and there followed, as a matter of course, 
itLl the evils of slavery without it«j one compen- 
sating justification — an iotei-est in the physicid 
welfare of the slave. As early as the yetir 1796, 
complaints began to appear in the public jounials 
respecting^ the cruel treatment to which the factory 
apprentices wei*a exj>osed. There were, of couj^se. 



many honourable exceptions among the em|)loyers 
—men who liad a regard l#otli for the moml and 
pbysic^^i^l welfare of the childi'en on wliose bebalf 
tliey hml aijsunit?*! a gnive resjtousibility ; liut it is 
impossible to read any coutempomry descrifition 
of the condition of the factory popidation at this 
time without ft?eling convinced that there was a 
great deal of oppressive overwork, no small amount 
of cruelty, and a very general neglect of everything 
which would be likely to improve the morals or add 
to the social comforts of tbe wretched children who 
wei'e thus lielplessly sold into 1 windage for a long 
term of yeaiu As the demand fov maniifactured 
goods increased, and aa mills were multiplied, the 
evils of this system grew to snch a degree that 
at last they atti-acted the notice of the legisktura 
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SHIP YARDS A-\J> THEIR WORKERS, 



SHIP-BUILDING establishments, as well as 
ship Iniilding, have l«cen i-evolutionised by tbe 
introduction of steam power, iron, and steel, in the 
construction of vessels. Into the last half-centtny 
have been crowded changes in tbe sizes, fonns^ and 
propulsion of slnps^ compared with which all pi^e- 
vious cliange^ sink into insignificance ; but thei^ yet 
min^ive types of ships and methods of work closely 
■ resembling those in vogue at the commencement of 
■^ this century, or even at an earlier date. The wicker- 
framed, skin-covered coracle wbich was used by the 
ancient Briton still lingers on in use on tlie rivers 
of Wales, The coasters and small cnift of the 
present day are very like those employed in similar 
duties hundreds of yeai-s ago. And notwithstanding 
the wonderful development of steam nav^igation, 
many vessels of the older types are still engaged 
in distant voyages, sharing the foreign trade with 
steamers and improved classes of sailing sbijis. 
Great varieties also exist in the sbip yanls of the 
country. In many a small 8eaj>ort, as well jus in 
flome of the centres of ship building, may still be 
aeen ahip yards as destitute of machinery and 
mechanical appliances as were the ship yards of 
the seventeenth centuiy. Yet such establish men t4s 
can exist, and to a limited extent do useful work, 
side by side with the well-equipped modem ship 
yards wherein tbe magnificent m^iil steamer or 
iderous ironclad m constnicted* 



I 




Many of our i-eaders have probably stood and 
overlooked th& workei^ in one of these simj>le yards, 
at one of the smaller sea]>oi'ts. The central leatni'e 
in tbe scene bus been some tiny vexsd, fiartially 
completed, |X'rhaps^ — a met^e skeleton of keel and 
ribs. The working st^fT consists of a few men, and 
a rebitively lai'ge number of boys. The niw muteiial, 
in the form of rougli logs or tree.s, lies lieapeil in 
some convenient coi'ner, or scattered over the yartl ; 
and from this raw materL'd tbe skill aud handicnift 
of the worker's have to produce a fniisbed ship. If 
the visitor iufjuires thrir trade, he will l>e told that 
these men are ithipwn0htSf whose duties ai'e i^ally 
multifarious. At one time busy as a aaw^fer, cittting 
the it:jugh logs to the approximate shapes ret}uired for 
keel, ribs, ]ilimking, or lH*am.s ; tben, as Mintyr'ajht, 
deftly wielding axe or adze, and trimming the tiin- 
l)er8 to their finished forms ; next arranging some 
simple apparatus for hoisting the several pieces 
of the fmme into place, and secunng tbem tbei-e; 
until at length the .skeleton is complete, vnth tbe 
deck-ljeams lying side to side \ then shaping the 
supple planks wbich are to enwrap tbe skeleton 
and form its skin, lK>Iting and fastetiiiig tliew* ftlanks 
to sides and decks; as cnnfk^r, driving the oakum 
into the seams between the planks, and *' pitching" 
the outer surfiiceB to make tliem water-tight ; or as 
jo fner^ compi eting tl le i u te run 1 fi 1 1 J u gs. 8h i p wr igh in 
also make the masts and sjiai's, and sometimes 
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aciimlly I'ig the sliip ; which is " fi*om keel to truck " 
tlioir work. But more commonly the shipwright 
ae<^ks for the aid of other truJesmen ia some stages 
of th« work* The blachtmhh mipplies hini with 
ironwork of various kinds ; tlie joiner coni]»letes the 
cabins atid fitlingy \ the plumber htts pumps and 
pi^jes ; the rigger aiid sail maker complete their 
KI»ecial works, Eveti when thus aidtH.1, the bulk of 
the work of building devolves ujKm the shipwright, 
smd he nione hii-s to lieiir t\\^ gre^it and tinal i^esi^on- 
sihility of the launch, when the finished ship sslideti 
into the wiiter, iind floata jiwuy ready for service in 
any sea. 

The rude appliances of the " long-shoi*e ship- 
Wright " may, jierhaps, appear almost contein[)tible 
to sui observer familiar with the hirger oi>ei'ations 
of a well^equipped modern ship yanl In these 
nnmeitJUft mugh-and-ready e^itablislmieuts is, how- 
ever, to \yQ found an element of national sti-engtii ; 
for they are nurseries of skilled workmen, who jwis-s 
out from them to other and hunger establishments. 
8kiiletl hand hdioiir mnst always be iT-quiretl in 
connection with ship linilding, even when the fuMest 
possible use hjvs lxt*u made of machineiy. Tlie 
linal shapLiig of the numerous [lieces forming the 
stnictiire of a ship, their aiTangements, adjustments, 
iuid combinations, cannot be performet^l by machine rj" 
inde]>f*tidently of skilled laliom% Nor should it be 
forgotten that ship building in the minor seajKJils 
helpH To kix^p local interests alive. The shii>s built 
ai'e commonly owned in these |X)rts, and are manned 
by natives of the places, who constitute as haRly 
and daring a race of seamen fis can an>nvhere be 
found, and whose services have often been most 
viduable in time of war. 

Let us now conduct our i^eaders, in imagination, 
to what may be termed iui ordinary iron ship yai'd^ 
where the business is exclusively that of bnikliug 
iron merchant shijis, not of ix^|>ainng them or con- 
Kti'ueting maiine engines. The tlin and clatter of 
the works will h^ heaitl long befoi*e they are 
I'eached, indicating the great changes in ship Iniild- 
ing that have accompanied the sid»stitution of iron 
for wood. On entering, the visitor, fresh from tJte 
survey of an eaUiblishnjent whei-e wooilou slii[»H tire 
built, will find some ditliculty in nndei-stjimling the 
prooeases in oi)eration ; but ei'o long he will detect 
many imjxji-tant difterences, and gi-asp tlie leasons 
for their inti-oduction. Firat of aU, he will not fail 
t<i lioto that the materials for tlie ij'on ship ai\» 
siipplte^i by th*' manufacturer W the builder of 
ttppmximately the forms and dimensions retpii»i?d ; 
ifu that the work of prejmration is much lessened^ 



as cominiretl with that incidental to bui! 
wooden ships. Take, for example, the ribs. In 
the wooden ships it is a matter of careful and skil^ 
ful w^orkmanshi[* to saw or hew out of the 
logs appropriately curved tindiei-s, many of which 
have to l>e combined to form a single rib. In ti 
iron ship, the angle-bars used for the ribs are siinpt; 
heated in a furnace, antl then bent to the requiiT 
shai>e, eiich rib being formed by the simplest possib] 
combination of t\H'o or thive such bai-s and a pi 
of plate. Similarly, the deck tx^ams, which in 
wooden ship requii*e a large exijenditure of skilli 
labour in their formation, aie in the iron sliip sir 
plied almost Ln the linished form. And in inauf 
other cases tliat might lie mentioned the same th; 
is true ; the iron maker tinticipates the wants 
the ship builder, and saves him a large amount 
preparatory work. 

Another striking ]^>oint of ditFerence between the 
ii*on and wooden ship yard is the motre extensive 
emjdoyment of machineiy in the fonner. I 
platt^s and bai-s are punched^ sheared, di-illetl, phuu 
autl bent by simple and suitable macliines, manag( 
l*y nnskilleil labourei-s. Skilled labour eonsequentl; 
occupies a much less pi*ondiient fMjsition in relati^ 
to unskilled labour in the construction of uxfxx shi{^taL 
A few skilled workmen, assisted by many labonirera^ 
sutiice to jM^rfomi ojiemtions coii'esjJontUng to tlii 
wliich in the wot^MJen mIii]* would l»e accomplished' 
by many sliipwnglits. Fuithermore, thei'e is 
much gi-eater sul>-di vision of labour in the ii-on thaii 
in the wooilen sliip yanl We have ab'eivJy seel 
how multifarious are the duties which the ahiji 
w right undertakes; and that he viilually, as hiB 
utmie imj flies, builds the w^oculen ship, other tmdes- 
men simply aiding in the tittings and e«{nipiii«iit4 
But in the case of an iron slii|), there is no car- 
ies] wiUili ugly proiainent artificer of the *' general 
utility" tyi>e. Tlie plater is, |»erhaps, the lea^liug 
workman, for he bends the ribs, fashions tlio 
plates, arranges the fastenings, and is i>*s^]x>nsible 
for the pivjiarutioo and combination of the varioiii 
pieces in the struct me. When tins pi-ejwiratory- 
work is over, the jilater gives way to the dotHfr, wh< 
makes the final adjustments and aiTauges temixirarj] 
fastenings which hold the iwirts together in thei 
proj^K?r rehitive itositions, until the iitin rivets form- 
ing the jxirmanent fastenings are put in by a diiitl 
set of workmen, the ritfeters. These men are followed' 
by the cuHlktrtf^ who nmke the seams of the iron 
skin water-tight ; and after them come ih^ pmnterM, 
who clean and coat the surfaces of tlie phite^ jua) 
Wi's with cement or paint The foiled truawork 
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•of the hull is prepared by the hi^x^ckstnitht who pk^^s 
a more im|K>i'tiiat |>ai-t in iron ship luiihliiig tlisiii in 
wofxlen sliip building. The woodwork, which forms 
A minor but still an important feature of an iron 
ship, is iilao siilKlivided betw^«x*n tht^ ^kiptmijht or 
ghip rarptnt^r and tlie joiner. Fittings of cabijis, 
store roomSy aod other internal spaces, hi^long to the 
joiner ; the shipwright Iavm the w^ooden decks or 
platforms, tit^ the wooden linings, or " ceilinje:/* on 
the sides, jmil doe^ other T»vork closely connected 
with the hull. Minor tnuies also contribute to the 
•comijletion of iix>n ships aa well as woml ships. 
The plumber^ the fonfider, the JiUm\ the rltjger, the 
^mltHoker, and others, aiv brought into action ; an<l 
in the case of steain ships, the marine engineer has 
exclusive control of the important work of buOdiug 
and fitting l>oilers, machinery, and jjropellei's. 

The sub-division of labour in an iron ship yai-d 
is e\'en more minute than would appear from the 
foregoing sketch, and it is associated with a system 
of suh-coniraHinfj which deserres to l*e noticed* 
Tliese sub-contractors are usually skilled work- 
men, who liave some capability for management, 
and who employ their own gangs of men. Tliey 
make engagements with the ship builder to f>er- 
form certain ]:>art8 of the work at cert^un rate-s 
of payment, the ship bnUdor jiladng his machinery' 
and plant at their disjxisal, while the sub-con tnactor 
finrls all tlie manual labour, and \mjfi his assistiint^. 
Tht^ builder is thus relieved of mucli labour in 
ari>ingement ami 8up<?rvision ; instead of ha\ing to 
oversee every detail in the process of Idiilding a 
ship, he has simply to inspect, accept, or I'eject 
finishe<l w^ork. Very rapid pi-ogress is also possible 
under this system. Sets of w^orkmen, who ai*e 
continually employed upon one description of work, 
acquire wonderful facility in its iK-i-forrnanee : and 
this favours che^qmess as w^ell as rapidity of produc- 
tion. On the other band, the syst^^m has one serious 
dra\vhm:k : it ti^ndjs to prevent the introduction of 
improved methoda of oonstniction, by means of tlje 
opposition which the sub contrjictors make t<> any 
defKulnrt? from their welba^x-nstonied ways. 

FirHt-elaas ship-biiilding e,st*d)lisbmentg differ from 
the ordinary iron ship ytuds, w hich have been briefly 
d<^cribe<l, mit mei^ly in their extent and the mag- 
nitude of tlieir operations in building shipn, but also 
in tin? fju;t that in nearly all of them marine 
mif^uwmrtfj is carried cm, Tliere are a few exee|> 
tions to this rule ; but the advantages of associating 
till? two industries must Ih? obvious. Steam slii|)« 
artt gradually gaining upon sailing shi[»« : the de- 
mand for steamers b greiit and inci'easing. In the 



design iind construction of steam ships, the naval 
architect and marine engineer must of neceasit; 
work together, if success is to be achieved. It 
highly advantageous to have both departmeni 
under one head, wdiose direction secures that hi 
monious action and mutual help w4iich are essenti 
to the best results. And, further, some branch* 
in each department can be made avtiilalile for 
assistance of the other, .such as the blacksmith; 
shops J the foundry, and the machine shoj^is. Bui 
while these kindi^ professions ai-e thus doseljf' 
united, they are not blended into one in this 
country, as they ai-e in Fmnce and Italy j nor does 
it seem desirable that this should hapi>en. 

A thiitl department, devoted to the rejiairs and 
alterations of ships and engines, b conttiined 
a few of the lii'st-class establishments. So far 
the machinery is concerned, thei*e is no dithculty 
carrying out this arrangement, as the same factory' 
and plant serve for building and rejiairs. But for 
repairs or altemtions to the hulls of shijjs, it is neoes- 
aary to secure a tliorough survey of the whole surfiboe 
of the l.»ottom, and easy access for workmen to evei 
part. In a tidal stream or harlK)ui% and for 
vessels, this end is accomplishfMl very simply. Thd 
vessels are lightened as nnich as i>ossible, placed in 
position when the tide Ls at full height, and, as tlie 
tide falls, allowed to ground either on the beachj 
itself, or on a jirepared " gridiron," formetl of legs 
of tim1w>r laid jmrallel to one another, and liaving 
a fail* suiface to receive the sbii>s. Where tlie 
rise and fall of tide is considemble, even larg^ 
ships may be dealt with in this fashion, the w^ork- 
men having access to the bottom at low tides. In 
the case of the Great Eastern^ which was too lai;g^ 
to enter any existing docks, the extensive repaini; 
to her iKjttom, after she had nm aground off ih« 
Anterican coast, were thus effected : — IMilfonl Ifaven 
w^as the scene of operations ; the rise and fall rfj 
the tide in that place being exceptionally gn?at^ 
avei*a^ig moi"e than twenty feet, and the beach 
there present ini,^ a suitable site for the constnictioti 
of a gridiron* The monster shij) was lirought into. 
I>osition on the top of a high spring-tide, and m» 
maino*! aground until the repairs were finished* 
This simple |>lan is not, however, generally appli- 
cable, wdiile it is o[>en to seveml objections. Th<i 
operations of the w^orkmen depend upon the tid««i, 
and are thei-efore liable to constant interrttptioiiiv 
an<l few facilities can exist, under the cireumatanceA, 
for carrying on successfully large repairs or nltwra* 
tiouH. Hence it is nsual to have reomirae to 
[flan only in exceptional Ci068* or for small vm 
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and in geneiul to i-esort to jiennaneiit and special 
appliances for witlulmwing ships wlioliy from the 
water, and working nnder theii' bottoms. 

Dry dijcks, or (/racifuj doekit, are the commonest 
means. To form fchem^ large exatvations iire maile 
with entrances from the sea or river, closed hy gates 
or ** caissons," When a ship is to be docked, the 
water is admitted to the dixrk by means of cul- 
veila^ the gates or caisson.s ai^' then moved back to 
dear the entrance, the shij* is hanled in, and the 
entrance again closeiK Powerful pumj^, usually 
f driven by steam i>owei-, are then set to work to 
remove the water from the dock. The ship grounds, 
and is ** shored/* or snpjKii'tetl from the dock-sides, 
to keep her npiTght ; and fomlly, when the dock is 
pumjied dry, she is h^ft in position for survey or 
repairs. Such docks are very costly; and in these 
days of rapid changes in the fonns and dimensions of 
ships, it not uiifi^uently hapjiena that a thy dock be- 
comes* partially useless, because its length, or hi^adth 
of eati*ance, or sectional form, makes it impossible 
to place vessels of new tyix^s withui its gates. 
Alterations are often nearly as expusive as fii-st 
construction, and lience there have arisen many 
plans for su]»erseding gi-a^^ng docks by cheaper 
conatnictions, jKissesaiiig greater elasticity in their 
aocommodation. Jlaulhig-itp slijjs ai-e hu'gely em- 
ploy t?d for merchant ships, and with much success. 
A sloping slip-w^ay is built, «iM:ai which a carnage 
can move up and down, supporting a cnuile. Wlien 
the tide ia at full height, or the vessel is ready, the 
cradle is placed underneiitli her, and she is allowed 
to ground or rest tipou it ; then, l>y meiuis of steam 
or hydmuhc ix>wer, the cmdh% canying the ship, 
is hauled up high and dry, Ili/flraulic lifts have 
also l>eeii useil in numy ca«es. The ship is floated 
in Ijetween two kiws of pilhii*s, wliich contain hy- 
draulic presses, by means of whicli strong girders, 
streteliing transversely from yiillur to pillar, can 
be nused- A pontoon is filled vdth water, and 
alluw^ed to sink uiitU it i*ests upon the tiiius verse 
liearers, before the ship is brought into position. 
When she is there, the |»i*esse8 are set to work, and 
tlie liearera with the pontoon are i-aised, until it 
reaches tlie keel of the ship, and gr.ulmdly Ufts her 
owt of the water. Meanwhile, she rests «pon suit- 
able blocks iixed on the jiontoon ; and when the 
latter is raised sufficiently high, the water in it is 
allowe*! to run out. Tlie valves in the |>ont^on are 
next closed, and it ia loweretl until it iioats, with 
tbe ship ujx)n it ; when it can be towed away fram 
the lifting presses to any suitable locality. After 
the re|}airs of the ship ai^ finished, the [xjutoon 



with its bunlen is towed back to the pi'esses, and' 
hy a siinjile series of operations, correspomliug in 
character to those descrilK?ii above, the vessel is once 
more set afloat. Mr. Etlwin Clark is the inventor 
of this ingenious plan, which nuiy be seen in ojvera- 
tion at the Victoria Docks, London, and which has 
also been applied successfidly at Bombay, Malta, and 
elsewhere. It luis tlie gi'cat advantage ilmi the expen- 
sive |mrt of tho appamtus — viz., the lifting pi-esses, 
can be matle available for any number of ships,, 
the lengthy operations of repairing being carrie<l on 
uix>n a sim|>le and compamtively cheap jKUitoon. 

Floating docks have also been used with nuicli 
snccess in places suited to their employment. The 
general princiide of all these docks is that they can 
bo submei^ged sufliciently to enable ships to Hoat 
into their entrance, auil that then by souio means, 
the watei' ctm be cleared from the dock, or from 
chambei*s within it, the dock lifting and carrying 
the «liip with it ovit of the water. On the Tyne, 
a very primitive kind of dock is iisetl for tugs and 
small vessels. It consists of a wootlen tmy-shaped 
box, with gates at one end. The dock gates aro^ 
opened when the dock is agi^ouud at low tide. Aa 
the tide rises » the water enters the dock, and of 
course it remains agix>und. At high tide, the vessel 
to be docked is floated in, and as the tide falls she 
gixjunds on the dock When it is low tide, the dock 
is freed of water, ami the gates are closed ; when the 
tide lises again the water ctumot enter the dock, nor 
i-eaoh the vessel mthin it. This plan is only of very 
limited application. Ordinarily, the floating dock 
has chambers, to which water is admitted wlien the 
di>ck is to be immereed more deeply. When tlio 
ship is floated in, pumping power carried by the 
dock m brought into ojx'mtion to clear the water 
from the chamljers ; the dock, with the ship ufjon 
it, is thns maik to float at a higher level In some 
cases, the water chanibc!*s are jdacinl high on the 
sides of the dock, and filled with water by meana 
of the pumps when the dock is being sunk more 
deeply ; then, when the ship has been floated into 
plfioe, it is only necessary to open valves in the 
water chambei'S, and t^ allow the water to esca|>e. 
Time is thus saved when time is valuable, tlm 
oi>eration of sinking the dock Iw^ii^g prtxTede<l with 
more lei.Hurely. The most magniticent floating dock 
yet constructed was built some years ago at Millwall^ 
and is now in u-ne at the Bovfil Dockyartl, Bemiuda. 
Vessels weighing l>etween seven and eight thousand 
tons have lM?en docked ther-e. 

Besides these costly appliances for docking or 
lifting ships, thei*e mu.st be a special plant for somo 




24 



OREAT rKTDUSTPJES OF GREAT BRITAIN. 



part of the works mcitlental to i-eimit^ ; aud hence 
it commonly Iiripprus that audi works are canied 
on ill iniJe|i€ndent eatoblishments. There are, 
however, a^ has been said, some firstn^lass private 
yai'da, wbich comjirehend all the necessary aj>- 
pUances for both building and impairs, with docks 
capable of I'eceiviiig the largest ships in the Royal 
Nav^y and mei'Ciintile marine, and the means of 
giving such ships a thoraiigh overhaul. 

Aa an example of the^ fully-equipped private 



few, if any, other ship yards which make their o-p 
]>latcs and bai^, the usual i*i*aetic6 being to put 
chase of the nianufactiuer. Engines as well 
uhips are |>roduLed at Jan*ow, an extensive and 
well-eqnip|»ed factory having been created for tlie 
purjMjj^e. Smitheries, saw mills, joiners' shojis, and 
other accessories of the ship yard, exist on a large 
scale. There is also a magnificent dry dock, well^^ 
ailapted for suiTeys of the largest merchant shiji^H 
and good wharfage whei-e ships can lie whUe re- 
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eetabUabmentsi, let ua take that originated by 
Messrs. Palmer at Jarrow-0n*Tyne» now the pro- 
IHin'ty of a company. This ship yard is in some 
respects uiiifpie. The 8co|)e of its operations has 
been tc^rsely expi-eesed in the phrase — ** Coal inid 
ijt>n ore come in at one end of the works ; ships are 
launched, with steam up, at the other end/* This 
is by no means an exaggeration. Magrulicent blast 
funiace-s extract the ii"on from the oi*e, and deliver 
it in the form of pig iron. Puddlers, working 
|jfllf-nakt?<l in front of scorching furuju-'cs, convert 
rthe cast in^n into mallealde iron ] steam Imramers 
And the rolling mill turn it into plates and bars fit 
for eliii^-building pui-poses. So comiib'te are the 
arrangements of this iron-making department, tliat 
the works can meet their own reqtiiremcnts, antl 
aujiply niat4^*ijil& to other ship buildein. Thei^ are 



ceiving the finishing t4>nches. All classes of 8hiji* 
can be produced and liave been built, from tb« 
Atlantic mail steamt^r down to the tiniest rivpr- 
craft, from the iron<Oa<il war ship down to the Eimall 
but daijgeraua torpedo vessel. 

On the Thames, the Clyde, and the Mersey, diip 
yaixls may he visiteil which are little inferior vt 
interest to that at J arrow ; in fact, some of lhi?oi 
sui*pass it in the magnitude of their abip-buildiii|; 
tnid engineering dejMirtments. In minor d^t&ii^ 
their practice may differ, but they have one object 
in common — the production of swifty sm^, imd 
seaworthy Elii]is. The extension of iron ahip I 
building, the development of steam navigs^tioii, tlni j 
supremacy of Britisli shipping, and the oommerot 
of tbe workl, are M indebted to the enterpnsr of 
the private abip buiJdei-s of this coimtry. 
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ARE THE IXDISTRIAL CLASSES XECESSAlllLY UNHEALTHY i 
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A' them lives o' men," said the Scottish fishwife 
her " Caller Herrin* " in the old song. la it 
a fact thftt many of the articles brought to us by tbe 
laVj<jur of othbi' iudustrial classes Ijesides the •* fislier- 
folk " are obtaiaed ordy at the cost of life^ of health, 
or of sutFeniig i If thiii be true, it must be interest- 
ing, and mny he useful, to know what iiidtistries 
are unhealthy, why they are unhealthy, and what 
TOe*ms may bo adopted to save life or Llindnisli 
<li8ea»e amongst those who work at them* The 
dweller in a city or manufacturing town cannot 
exj>ect to have the bright eye and the ruddy cheek 
generally a«sociated with couJitry air. But for 
all that the city artisan who is temperate and 
cleauly, and who occasionally ** takes his missus 
for an airing ** after work is over, or on holidays, 
may enjoy the physiail side of life as much, or 
perhaps even more, than his agricultural fellow- 
lalx>nrer. 

Tlie average health of our large cities compares 
favoiu'ably, not fjerhaps with an ideal, but certainly 
with an ordinary or actujd English country villtige. 
We must, therefore, not ascril^ to any particular 
employment tho disease which in any class, whether 
industrial or idle, i-esults from dirt, drink, or bad 
iiiibitfi* Many of the beat athletes in Britain 
are constant dwellers in cities, and ai-e from day 
to day, and from ye^ir'a end to yeai'*s end, closely 
engaged as manual labourei's in various industries. 
From the great manufacturing centres come work- 
ing men of every gi*atle, who rank high among 
celebrated nmners, walkers, cricketei's, and oarsmen, 
What philanthropists and sociologists anxiously 
dlacoas in these days in spite of snch obvious facts 
Jta those now mentioned, is this : — Suppose a healthy 
rustic resolves to exchange the ch*terful spliLsh of 
the village mill-wheel for the roar and whirl of 
the ste^m factory, does he necessarily mulergo phy- 
sical degeneration, and become diseased? Had this 
paper been written thirty or forty yeai-a ago, the 
answer which must have been given would be a 
melancholy one. The daik record of that l>ygone 
time tells of long hours, bad foo^l, ill -ventilated 
workshops, and no attention paid to health either 
liy masters or mem The face of the factory 
hand who had thus migrated from the country to 
ihe town mill soon became iiale and anxious, his 




chest flat, his body bent, and a jiremature sick-bed 
often, if not usually, terminated a cheerless life. 
The factory worker of that time coidd, by what 
medical men sometimes call •* j)hysiognomiG diag- 
nosis," be told at a glance. Be he as clean or 
temperate as j>ossible, yet what may be called 
necessary disease — that is, disease brought on him 
by tlie conditions hi which he waought, cut 1dm otf. 
But by factory legislation, and by iutelligent co- 
©[►eration, on tbe part of employers, with the ad- 
ministrators of the Ftictory Acts, a manellons 
change has resulted Well lighted and well-aired 
factories, means for carrying off initating dusts, 
shorter houi^ of work, the o|>ening of public 
pfii'ks, recreation grounds, wash-houses, and im- 
pmved dwollings in the gi'eat centres of inrlustry, 
have bi'ought alwRt what might almost be called a 
revolution in the sjinitary condition of the working 
classes, 80 that» in the majority of om* great in- 
dustries, a warker may l^e nearly » if not quite, 
its health)" and free fixim disease as a profij-ssional 
man or merchant Stdl, in spite of all this, there 
1X5 mains the fiict that there &re yet in existence 
some diaeases specially a,sscx'iated with emjdoyiuent 
in certain pirticuhir industries. Why is tliis so, 
and whose tan It is it I In some cases, ajjpliances 
for protecting the worker have not l>een lulopted. 
In others, the action of die numerous and vigilant 
inspectors of factories and woi'kshops is evaded by 
tbe mastei-8. Again, the men sometimes i)erversely 
refuse to use the preventive means provided for 
them. For instance, kmfe grinders sufler fi'om a 
hmg disease caused by steel and stone dnst entering 
into the minute air-cells of tbe lung, and breaking 
up the oi^uran* Fans were ajqdied to create draughts 
that would suck away this dust from the gi^inding- 
wheels* But some of the men iwlishly objected to 
use them, because they argued that if the li\ es o£ 
the gj*indera were lengthened they would not go out 
of the world fast enough to make room for othei^ I 
The British workmnn, like the rest of his country- 
men» is often opposed to ** newfangled inventions " 
out of what one of the Ameriain humorists c^dls 
" sheer cussedness," no matter whether these inven- 
tions dii*ectly or indirectly benefit him. Wliatever 
theoretical objections may exist to the inrpiisi- 
torial functions of Government inspectors, there is 
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no iK>iiit from wMch they can be bo strongly ilo- 
feiMletl lis iu tlie matter of mdiistrkl healtlk Still, 
much iH^mains to lie done. It will be oui* obj(.^L't iii 
thes*> pipers to show what s|>ecial diseases assouia ted 
with uiilu^tiial occ;u|>ation3 remain as a blot u[)oe 
our public sanitation, and to suggest, if. possible, 
how they may be avoidtid. 

Of course, if men or women start at an etirly 
age with bad pbysicines, haitl work of any deacri|>- 
tion is certain to injui'e them. This is a inu^t 
important jKjint to keep clearly in view. For 
instance, if chUtben are sent to work at an early 
a^e, Ijefore their pliant fi-anies are set by nanus's 
mo adding, and sboultl any sijecial attitude in " mind- 
ing '* or tending a machine i-oqiiire to be kept, theii* 
bodies l>ecome stunted or deformed. Stooping, 
riusing the shoulder, craning the neck, or long 
standing are markedly deleterious. Had work been 
commenced later in life, the risk of suifering from 
such catiscss would he lessened^ if not altogether 
i-emoved. 

To go back a stage, when a mother is allowed to 
leave her infant of a month old iu the cai*e of a 
'^ niu-se-tender," and go to the factory, she herself is 
in a condition fraught vdili jyevU. But what of the 
babe, who may one day blossom into a factor}* hand? 
The child is, perhajjia, doseil i,\4th soothing-powdei-s 
and syi-n^js containing opium, to kt^^p it quiet. A 
botileful of some starchy compoimd, plejisingly 
denominated ''artificial food," dissolved in milk 
and water, is placed on its [lillow, and it sucks the 
too often sour mixture all day long, dui'iiig which 
time it probably seldom gets even a bix^ath of fresh 
air. Wliy, infants reared in this fashion may form 
the fiiture industrial classea They appear^ sliortly 
nfter tliey can walk, little oUI men and women, 
with pale, careworn facejj, iiiinxiw slioiddei-s, and 
big, rickety joints. They enter the race of indus- 
trial life, ill factt more than heavily handicap j^d. 
Can we blame tlie work in such cuaes, when it is 
tbe f&nh of their imrents that fiictory ojiemtives 
are what we often see them I The moiiality among 
infants in our manufactuiing centres is fearful 
— indee<l, in Birmingham alone, according to a 
recent return, the deiitli-ratc of infants under a 
year old is 187 per 1,000, wliile in London it is 
only 159. The former [high mortality is un- 
doubtt^illjr due to improiM^r or insufficient food. The 
strongest of the weaklings survive, it is true, and 
may ultiuwitc^ly enjoy good health. But an easily 
vulnerHble residuum remiiina, and whenever any 
©pidemio breaks out, they have not stamina to 
l^aeiiit attiiok, and conse4|uently they are mown 



down. Bad air, faulty drains, hot, stifling worl 
ahoi>s, constant exposui*e to cold and wet, and sue 
like influences, sprciiul sufleriug and death ami 
this weakly section i>f the working chiss, Thi 
better-constitutioned fellows, however, ai*e not w>< 
easily affected by dise^isedjegetting influences. It 
may be said that the primary condition of tievelopinj 
a healthy industrial class is the ex^KJuditure 
greater and more intelligent cai^ on the pai-t 
working women in reiiring their hifants. The Ij 
and lasses of the facrtory districts must have a 
and pi'oper education in such matters, and as g< 
a ph\Tsicid development as possible to stall lile witluj 
Then, even though sjiecial trades are in-eraediabi; 
unhealthy, yet, being at the outset of life health 
ciad, the workers, botii male and female, can lieti 
resist the attac^ks of disease and death. i 

When we come to consider the case of adults, 
the vexed ami confusing question of personal habita 
obtrudes itself. What of the home of the worker? 
Too often it is one of a narrow mw of cottages, 
black, grimy, High ted, luid with no drainage 
all, or, what is woi*se, with disjointed drains liadl; 
connected with a main sewer. There is no induo> 
ment held out to improve, still le4is to beautify, the 
place. Yet, how often, in spite of all these draw- 
backs, does one see a house in such a row brigl 
and clean within, and neat and tidy without ? 
far as shai.>e, size, and | position are concerned, it 
precisely like its neighbours. But in such a 
you generally find a neat housewife at tlie door, 
who stays at home doing nothing but bnsyttig 
hei*self with the bustling duties of tlie "housfvj 
mother," as the Germans have it, and who does nol 
go out to work in the mill. If men break up theirj 
family circ^le by making their wives and ohildreil< 
lalKrtir, in order to obtjiin higher wag^, a CUIM 
mther than a blessing is often the result There is 
no wife at home to give the ojierative a weloooiei 
mid one or both of tliem wind up Uie evening Hi 
tlie pulilic-honse \mr, instead of at their own flrtmi4tx 
Here they get, if not the comforts of home, at Icttftt 
n certidn tawdiy imitation thereof, in the Bhoi^e of 
light, warmth, brightness, ami a cheeiy chat or 
gosHip. If the mischief ended here, not much liarm 
might be done. But then it does not end hera 
Thcs*,^ unfortunate i>eople often take more ciriak 
than is good for theui, and the bad results to thdf 
phyfsicul he H 1th are so familiar as to need no descrip 
tion* Tbe e fleet of excessive indulgence in alcohol 
on the healUi of ]>eople genenUly is |jermctoti8 in 
the extreme. Much more disastrous are these 
eflects where ill -cooked food is provided fur iho 
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liard- worked toiler liy a slovenly wife in an un- 
hetvlthy Iiome. But when we admit tliat a certain 
proportion of tiie iiKhistrial cliisses are from tliuir 
persomil habits rendered liable to iliseaiie, we must 
eliniinafce this factor in studying the causes of disease 
in industrial oocupitions. 

That the industrial classes are, as a body, in- 
creasingly drunken 18 questionable. No doubt, 
80 ni:tny thousand gallons of alcoholic liquor more 
are consumed this year than hist, and will be next 
year as comjiai-ed with this one. But then so many 
thousand more pounds of meat are eaten every year 
now than used to be consnnied in pust times, when 
animal food was the i*are Sunday treat of a working 
man's family. The truth is, that working i>eopIc 
" live better/* or, drojiping the popular phnise, we 
may say moi*e freely and hoturiously, nowadays 
than formerly. They take, as a rule, moi'e healthy 
exercisef their appetites are keener, they have 
higher wages, they ai-e l>etter able to buy and have 
better powers of digesting more meat and drink than 
the last generation of o^ieratives possessed. Thei'e 
are ** atrocities " which ainse from drunkenness in 
agricnltnral \dlhigGs as well as in manufactnring 
towns, and it is utterly impossible to nse as an 
argument the ratio of crime to drink. If crime 
is caused chiefly by diink, as is so often insisted, 
and if drirddng is on the increase, how comes it 
that we have a record of diminishing crime from 
almost every grejit city in the countiy] Either 
the poHce reports are false, or crime is not mainly 
caused by drink, or the indiistiial classes are not 
drinking as much as is fancied. We ai'e inclined to 
think, therefoi"©, that the alleged dissipated habits 
of the adults of the working classes at the present 
day are not the chief factoi-s in the production 
of any si>€?cial ill-health which is found amongst 
them. 

When people tell ns that the human frame is a 
mechanism, they forget it is a mechanism of the 
chronometer onler. It is self-adjusting, and if 
exposed to excessive sti-ain will, nevertlieless, tend 
to recover the balance. If, however, the constitu- 
tion is ab tniiia faulty, the destructive influence of 
nature— which seeks to put every man into his 
coffin as quickly and ujipk-iiiiantly as possible- 
attacks weak |x>ints in the armour of health. Biul 
liquor, acting on excitable nervouH systems, is of 
course a demon which steals away men*s health as 



well as thi?ir bniins, But that it does so in the 
workman more than in his master is more than 
doubt fill. To sum np, then, we believe that, given 
sound health in early life, ami an intelligent obser- 
vance of the oi*dinary laws of nature, the adult 
industrial operative of to-day in not, as a rule, moi*e 
Hkely to sutler from disease than any other human 
being who works hanl for his daily bi*ead. This 
may appear a somewhat sweeping stiitement. But 
our recent system of compidsory sanitary legislation 
is developing healthy habits, and these habits are 
becoming sanitary instincts, so to speak, among the 
working classes. When it is considered that we are 
defiling with the cliildreu of a former sickly and 
neglected industrial generation, a certain amount 
of si>ecific disease, dependent on feeble vitality as 
mnch as on nnhealthy occu]Mitions, must of course 
Ije expected amongst them. In all trades, people 
aiT liable to risks of some sort or other, but what 
wo wish to make plahi is, that when physical \igour 
is present in the handicraftsman at the start, these 
risks, in so fm^ as they afl'ect health, are reduced 
to a minimum. In iiict, the idle habits and amuse- 
ments developed during strikes or ** slack times" 
ai-e moi'e fi-iiught with peril than constint hard 
work. Inventors arise without numWr when ap- 
pliances for preventing tirade diseases are required, 
and it only needs a little ]>ressure on the part of 
the legislature to procure the application of the 
fittest improvement. Sick clubs and benefit societies 
ai-e oi>emng their eyes to their financial condition, 
and they will not care to have on their lists men 
engaged in inihealthy trailes. To act otherwise 
means a heavy drain on the funds. These i^marks 
may to many seem a bright view of a picture too 
often i>ainted in the Bombrest colours. We are, 
however, just now not dealing with a history of 
the past, which is pcrhai»s ghxmiy enough, but 
describing the cheeif idler facts and tendencies of 
a wholesomer and more enlightened state of society. 
A wider conception amongst the masses of the laws 
of hetdth ami disease is eliiuinating many maladies 
from the catalogue of human woef», and in no case 
is this more marked than in making out a list of 
industrial sicknesses. That list shows more blanks 
year by year; and if British manufactures go on 
flourishing, all those employed in them may one 
day, without even exception, possess sound minds 
in sound bodies. 
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ROPE SPINNING. 
By David Bremxer, Aithou of "The Industries of Scotland." 



ROPE MAKING has within recent yeara under- 
gone a great change. Fonnerly, it was a trade 
canied on in a small way, by many manufacturers, 
with the aid of a few primitive appliances; now it is 
for the most pai-t concentrated in factories furnished 
with machinery capable of superseding hand labour 
to a large extent For the purpose of illustrating 
the cliange that has taken place, and showing what 
machinery may do for a trade, we shall ask the 
reader to accompany us on a visit to some great 
establishment — such, for example, as that of Messrs. 
Frost Brothei-Sjat Shadwell, probably the largest rope 
factory in existence. When this firm was founded, 
about ninety years ago, operations were conducted 
on a small scale, and then, and for a considei*able 
time afterwaixls, only hand machines were used in 
the various processes. In those bygone days, hemp 
was thought to be such a coarae and refractory 
fibre, that when machinery was applied to the 
nianufactui-e of cotton and flax, the workers in 
hemp congi-atulated themselves on their superior 
fortune. Wrapt in a " fooFs paradise," they 
cherished the fond delusion that hemp was un- 
assivilable by mechanical agents, and they felt certain 
that however liand labour might be supei-seded in 
otlier tirades, theirs at least was secure from any 
such disturbance. It was only natural, however, 
that mechanicians who had seen one kind of fibre 
after another yield to their ingenuity should enter- 
biin a determination to conquer hemp ; and conquer 
it they did, though they found it rather troublesome 
stuff to deal with. Great employers of lal)Our, like 
tho Frosts, j)romptly availed tliemselves of the 
improved aj)pliances as they were produced, never 
hesitiiting to discard an old machine when a new 
one could be found to do the work l)etter. The 
consequence is, that in the vai-ious departments of 
the gwat factory at Shadwell they have to-day at 
work the veiy latest and most jKjrfect mechaniciil 
appliances that have been devised. 

Tln» works to which we refer as illustrating prac- 
tically the j)rocesses of ro[)e spinning cover a sti-ip 
of gn)und al)out a quai-ter of a mile in length, and 
seven aci'es in extent. Tliey consist for the most 
j>art of two-storey buildings, and in following the 
raw matei-ial through the succe8.sive pi-ocesses, let 
us visit the hemp stoi-es firat. Here ai-e piUnl huge 
masses of ht»mp in bales and bundles. The vaiieties 
used are Russian, Italian, and Manila ; of the latter 



an enormous quantity is always on hand, as •- 
8|)ecialty of the firm is the manufacture of MatiilA 
ro])e. The Eussian hemp is received in bales 
about half a ton in weight, the fibre bei^g mada 
up in "heads" or bundles of 141b. each. Hie 
Manila hemp comes in compact bales of 2^ GWl^ 
neatly covered with matting. On opening ofne 
of the latter, it is seen that the long and beau- 
tiful fibre is put up in the form of bundles noi 
thicker than one's finger, and knotted at the end. 
This arrangement is troublesome for the manu- 
facturers, as before the fibre can be dealt ivitli all 
the knots have to be untied — an operation which 
here provides employment for a large number of 
young women. For some purposes, it is desirable 
that Russian and Italian hemp should be hackled 
— that is, combed out by being drawn over rows 
of steel spikes — and spun by hand. The ii«ftHing 
shop is furnished with sloping benches, on which 
several sets of hackles of various degrees of finain fff ff 
are arranged. Taking up a bundle of hemp, the 
workman sti-ikes it ujx)n the hackles, and by draw- 
ing and shaking it in a i)eculiar way extracts the 
tow, or short and weak fibres. The operation is 
repeated — first on the coarser and then on the 
finer hackles — till the desired degree of fineness has 
been imparted to the fibres. This occupation is a 
laborious one, and those engaged in it have inevi- 
tably to inhale great quantities of dust The hand- 
spinning room, to which the hemp is next removed^ 
is i*emarkable for its length — 1,000 feet It is just 
such a place as Longfellow describes : — 

" In that building long and low, 
With its windows all a-row, 

Like tho port-holes of a hulk, 
Human spiders spin and spin ; 
Backward do^ii their threads so thin 

Dropping each a hempen bulk." 

A series of large, bi-oad-rimmed wheels, arranged 
at either end of the room, give motion to sets of 
spindles, and on to one of those spindles the spinner 
casts a loop of hemp, which he pulls from the huge 
bundle wrapped round his waist Walking bade- 
wards, he draws out a thread of any required thick- 
ness, the spindle twisting the fibres firmly together 
as he pays them out with both hands. The fore- 
finger and thumb of his right hand are his only 
guides as to the weight of yam he is making, and 
long exi)erience enables him to produce a suocession 
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of th roads many jrards in length, which shjdl not 
vary one fnytn another in weight to tho extent of 
any appreciable fraction of nn ounce. Having com- 
}>leteil his backward! walk to the end of the room, 
the spinner casts a fresli thread npou the wheel 
that is there in o|>eration, and 80 he goes on from 
mom till night pnrsuing his rather inonotonous 
journeys. A fairly expeit spinner will convert in 
a day uf ten and a half liourn iihuut 84 lb. of 
emp into 1 4,000 yards of yarn, for which work 
lie receives 6s. Before being twisted into rope, 
the yarn has to receive a bath of tar^ for the pur- 
pose of preserving the hemp. For this pnrpose, 
it is wound in " hauls " of 280 threads each, upon 
a largo I'evolving frame of awkwurtl appearance, 
and beating the equally ungainly name of a " whim- 
wham." From this point, the hand-spun and 
machine-spun yams are similarly treated, iin<l it 
ia now necessiuy to inspect the operations conducted 
in the machine-a pinning deimi-tment. 

Let us begin with the motive jK>wer. That con- 
sists of three steam engines, having a combined 
energy of from 300 to 400 horse-power. One of 
the engines is specially worthy of notice, as it was 
made and titt^vl up by Messi-s, Boulton and Watt^ 
in 181 L Its working parts arc highly tinished, 
antl the makei's put it forth as a sa^niple of their 
hight?st quality. Though only 60 hoi-se-jKiwer, the 
machine I'equii'c^s a Itrge room f>r its accommoda- 
tion, the lieam Ix^ing fully 20 feet in length, and 
the fly^wliee! about the same in diameter. Near 
it is a 250 horse-ix)wer engine on the horizontal 
principle, which lot^ks a mere dwai-f in compari- 
son. A tliird engine is solely devoted to driving 
the gi'ent endlesS'roj>e-making machine, of which 
we shall have something to say further on. 

The hackling and drawing room is the first of 
the machine Hpimiing series. In it are a number 
of sti*ongly-eonstructed machines, which make a 
hideous noise, and set a deal of dust flying, but 
which are capable of getting through a great 
amount of work. The Manila tibi'e is fed in as it 
comes from the stores after being free<l of knots, 
nnd LB sf»etMlily convertetl into a tine even ** sliver." 
While pfissing thronijh the first Iiackling machine, 
it hits a quantity of oil sprinkled over it, to increase 
the pliability of the fibrea. Some Amencan hack- 
ling nuicliint^ of veiy ingenious constniction ai*e 
ompIovHl for treating Russian and ItiiHan hemp, a 
special feattu"e of tlieir construction being a cajm- 
hility of adJust^mcDt ik» a^ to extn\ct any ropiired 
pro|K>rtion of tow. The slivers are hobte<l to the 
spinning room— a large, lofty apartment crowded 



with machines of various kinds, where they are 
twisted into yarns. Some of the spinning machinei^l 
are of Americiiu make, and form the yarn by ait^^ 
aiTangement which imparts to the mechanism 
something akin to instinct. The sliver is fed in^:> 
these over a line travelling hackle, and then j^asses 
through an "eye" in an upright brass tubei, 
which, by an ammgement of springs and weighl 
the henqi \\s it moves foi'wai\l is subjectetl to 
regulatmg process identical to that which is ex< 
eked by the finger and thumb of the hand spin; 
If the hemp threatens to pass in too quickly, 
feed motion is retaitled ; ami if it should l>e too thi] 
at parts, the ftsnl motion is quickened ; and all t 
with a certainty that even the human hand co' 
not equal. The result is that a yam of imn 
evenness is ja-oduced in the simplest posailj 
manner, and at a sjieed far exceeding tlie csqjvdiiiii 
of the hand spinner. The yarns tire inrt*le in 
great variety of siaes, as the proilucts of the 
vary frcun fisldng-net twine to cables 20 inch< 
or even tiioiT^, in circumference. The conti 
between this room^ with its fi^t-whirlLng, compti^ 
and beautiitul machines, and the hand-spinnin 
rtK>m, wheit^ the ** human spiders " plod slowly! 
liiickwardfi and ftirwanls to the *' drowsy, ilreamy 
Kound " of their wheels, is very striking, and it 
hanl to believe that the objects which are 
accomplished in both aiie identical- 

The smaller kinds of Manila rope aro madt' 
on what are called "endless niachinea," anotln 
American invention. Bobbins containing the y 
are placetl horizontally in the machine, suid th 
are twist»?il into stniiuls, and the stninds into ro| 
by simultaneous o|>enitions. The rope made 
this way is remarkably even and firm, antl n£ r 
machine is cajiable of turning out about 300 yai 
mi hour, and one man can attend to m' 
machines, a great saving of lalxjur is effeetwi Xa 
and twines are made on i>erpendicular machi 
of somewhat similar construction. All the 
nrudo of Russian and Italian hemp are t i * 
order to preserve them. In the case ot > 
tarring ia only required when the rope ia to 
subjected to much immei-sion. The tamng shop i 
as a precaution against fire, detached from thp oth( 
buildings. To it the yams are brought in the foi 
of hauls, already iTten-ed to. Sunk in the fl« 
of the shop is a large tank filled with tar, which 
kept at a temiverature slightly under boiling point 
Behind the tank, and lixetl in a wall which stipttraM^ 
the shop into two compartraenta, is an ii|M-rtur$i 
fitted with a compressor. Through this a^iertum 
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the end of the hml of yum, after being dipped 
in the tar, is passeil, and pnt in conntjotiuii with a 
steam ctipstiiu, which dniws it olF ua it h tiin'ed. 
The yarn Is fvxl inU:* thit timk in an even, steady 
manner by a workmiin, and as it leaves the capstiin 
in the next room it is anunged in coOs by another 
operative. The yarn in ao tightly wi-nng by the 
compiiessor that it may be gi-aaped without soiling 
the hands. It is next placed on the whim-whams, 
whence it is wound upon boljbins for the stnxnd- 
fonniiig machines. 

In the *' hiying gi^ound," wliich ixniiion occupies 
the ground-iloor bene4ith the spinning rooms, ai^ 
located the Btrand-forming and laying maelmies and 
their appurtenances. The niaclunes are placed 
on rails aliout 2 J feet ap^trt, and as there are 
fourteen double lines esXtending from end to end 
of the building, the aggregiite length of railway 
is 3i miles. A mimljer of IjobbiiLS, coire- 
Rjxmding with the nimiljer of yarns to l>e used 
in making a rope of aiiy i*equii*ed dimensions, ai'e 
[tlaoed in a framey so tliat they may tt>tate clear 
of each others and the yam, in thi'ee divisions, cor- 
res|x>nding to the number of stnuuls in the rope, 
is hsd thence to a betim in wdiich three tubes ai^ 
fixed* The yam intended to form the several 
strands is passed through the tubes, and attached 
to the spindles of the forming machine. The latter 
is then set in motion, and as it moves off along its 
line of rails, it draws the yarn through the tubes 
and twists it firmly. This is an im[x>rtjtnt opera- 
tion, as on the care with which it is i>tTft>i med 
de|jend8 whether the vanous yaras are so disjMjsed 
as to bear an equal jiart of the strains to wliich the 
completed rojje may l»e 8ubje<;ted. As the strength 
of a chain is determined by what the weakest link 
wiU bear, so the stmngth of a rope dejiends on the 
extent to which the individual yams do their work. 
The stramls made from tarred hemp-yam Ijecome, 
under the twisting process and the burnishing 
action of the tube, almost as hard and smooth as 
roils of turni3tl wood. As the stmnds are foi-med, 
they are supported on pendent hooks to wjut the 
next operation, ** laying" — that is, twisting into 
the form of a ro|ie. One end of etich of the three 
gtTands is ti-ansfeiTed to the sjiindJes of a stationary 
machine, and the other entls are brought together 
and attached to one spindle on a travelling machine. 
Tlie xnachines are set in motion simultaneously, and 
as one gives to tlie individual sti'ands some ad- 
ditional twisting, the other twists the strands 
and comjiletes the rope. In order to 
even twist, the sti-ands are held apoit at 




a point close in fi-ont of the laying machine by 
a conictil block of wood with thiM^e longitudinal 
grooves in its circumference. AJl tliat now remains 
to be done is to wind up the njpo in a comj>^Mjt 
coU, ticket it, and pass it to the w^aitihouse. Only 
the heavier rojies are made singly, all the stiund- 
making and laying iFUiclunes l>eiug capel>le of 
dealing with two rojies at a time. 

By the processes descnbed the lengths of rope 
usually in deaumd are produced ; but, as in the 
c-ase of lines and Hmall roi>es, Messi-s. Frost Brothera 
have a]>jiliances for pix)ducing ** endless ro|n?s " — 
that Ls, ro2>es of indetinite length — of the lurge^t 
diameter. The great endless-rope-makuig machine 
occupies a ixxjm by itself, but bo compact is it that 
it does not cover a floor-space of more than a dozen 
feet squai*e» In a well under the machine is a 
tall, circular bobbin fptime, capable of holding sirf- 
ticicnt bobbins to sujjply yam fur a lO^nch ro|>e. 
Over this fiume is a strong system of wheels and 
twisting gear. The yam is led uj)wards through 
tubes, and fomied into strands, and these ti*avel 
only, a few inches, when they are twisted into a 
com])leted rojiej which is wound off on a reel beside 
the machine. As ah-eady stated, there is no limit 
to the length of rope that may be protluced by 
this machine ; so far, its greatest achievement has 
been the making of a Manila 6 J -inch rope 1(1,000 
fathoma in length, to he used in gi*appling for tele- 
graph cables. The weight of this monster cable 
was over 40 tons* 

A peep into the warehouse gives us some idea of 
the variety of demands made ui>on the roi>e maker. 
Here are huge cables for mooring vessels of the 
largest size, taiTed Manila rope for trawling pur- 
|xist*s, all sizes of coi-dage for rigging, clothes-line,, 
net^twine, soft roi>e for piston-packing, and so on ; 
nor should we overlook the samjde of cable made- 
sfiecially for the roi»e-Wiilker, Blondin. One piece 
of rope is so like another that once a bit ilisapjieara 
from a ship or boat thei*e is difficulty in identify- 
ing it, and hence a sort of pi*emium is ofiered to- 
thieves. To provide against such contingencies^ 
Messrs. Frost Brothei-s ado|>t a mast ingenious, 
device. They have the name of theii- own firm, 
and the names of the eustomera for whom they 
make specially, printed on a naiTOw tape, and thia 
is worked into the body of the rojw so that it cannot 
l>e extracted, and all that is necessaty when the 
identification of a i*oj)e is in question is to tmdo a 
piece of it and reveal the tape, against which no 
other evidence can avail. 

In oi*der to witness the conversion of hemp into 
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other articles, such as sail-cloth, sacking, an*! fish- 
ing nets, we must go elnewliere, us Messi-s, Frost 
Bi"others confine their attention to the pi-oiiiiiction 
of ropes, lines, and twine. It ia long since hemi> 
was applieil to the manufacture of sail-cloth, its 
strength uml diimbility having recommenrletl it as 
being s|>ecially suited to that purpoise. Oidy the 
finer tpialities ai'e used, and it is worked on 
machinery adaptetl from that devised for dealing 
with cotton wool, Tliere are seveml extensive 
makers of canvas in England, and besides suj^ply- 
ing our own requirements, which are the greatest of 
any nation in the world, our manufacturers exjwiir 
yearly to other countries not less than five million 
yards, worth about .£300,000. Of sacking, made 
from the coarser fibres of hemp, flax, jute, *!kc,, our 
exports amount to the value of nearly £2,000,000 
a year. With reganl to cordage and twine, our 
6X|>ort8 and imi>orts nearly balance eacli othei'j the 
Advantage being slightly in favour of the latter. 

Were it not that several subatitutes for hemp in 
the manufacture of conlage have lieen introducetl 
in recent yeai-i?, our consumption of that fil>re would 
now be enonnous. Iran, which has invaded the pro- 
\inee of so many other materials used in the art*, m 
one of the chief competit<:»rs with hoiiip, Ijeing now 
extensively employ tnl in the making of ropea. In the 
heavier fiarts of ships' rigging, for haulage in mines, 
and many other puqxjses, it has almo^^t entirely 
iiU|iei*Hede<l hemp. A fii-st-i-ate man-of-war of the 
old school recpiired sixty or seventy tons of hemp 
rope for her e<pn[mient ; now a fraction of that 
quantity h svilficieut for the largest ii-onchuL Hence 
it is tliat while, so far back as 1790, we imjx)rted 
592,306 cwt. of hemp per year, we now take little 
more than double that quantity, though our ship- 
ping has increased to many times the tonnage we 
then owned, Tlie use of iron as a substitute for 
hemp originated about forty years ago^ with Mr. 
G. W, Biidcs, of Poplar, tJien foreman rope maker at 
Woolwich DockyanL Owing to various causes, 
hemp had become veiy scai-ce iuid dear, the pi-ice at 
one time i-eaching £4 \wr cwt. This led to exi>eri' 
ments being made with the view of discovering 
some fibre that would take the ]dace of hemp, ami 
render ua independent of the vicissitudes to which 
the hemp growers of Russia were subject. Mr. 
Binks jirocured some fine iron wire, and tested its 
utility in the form of a cowl. Ho was surprised at 
the strength displayed by this baby iron rope, and 
su bm i t ted sfjecimena to th e Ad miral ty . The offic lal s 
in that deimrtment [looh-piKihed the idea of rigging 

ship with iron, and Mr, Bink^ met witli no 



encouragement at their hands, A captidn on boaixl 
one of Her Majesty*s ships came to Mr, Binks's 
aid, however, and enabled him to establish a 
wii-e-rope manufactory at Giimsby, This waa 
1835, and it was a considenible time later than tl 
before the invention Wiia fully appreciated, N 
thei'o are nearly as ni&ny manufactories in 
country for making wire rope as there ai^ 
making roj^es of hemp, and the uses of their 
ducts are almost iunumemble. Cords made 
copper and bniss wire iiave also taken the plooe 
hemp for certain puiposes. Besides supplying 
extensive and raj>id!y increasing home demand, 
wii*e-rope riiakers export to the value of about 
million sterling f>er annum. 

It may be useful to state here the comporatii 
strength of various kinds of rope. From the re] 
of a discussion on ra|Kj making which took place 
a meeting of the Institute of Mechanical Engini 
at Bii-minghara, we glean the following data ;< 
Taking tiie breaking- weight of a rope of B 
hemp to be 100, that of an Italian hemp 
would be represented by 107, and that of a 
rope by 73, TaiTed i-opea are weaker than 
taii^etl, l>ecause the tar affects the fibre. An 
wire roj>e 1 j*^ iiicli in diameter broke with a wi 
of 18^ tons; a hemp rope to stand the same teci 
would i-equii^ to be 3 inches in diameter, the latl 
weighing 161b. to the fathom, and the former 
H)lb. A steel -wire roj^e is 50 per cent. 
than an iron one of the same dimensions, 
ol ejection to rope^ of either metid is Uiat 
are apt to crystallise and give way after ao 
definite perit>d of use. 8ome ex]ierimeuts 
at LiverjKDol gave the following results, 
place Manila hemp in a better position : — A 
mch galvanised wire rope brake with a 
of 29 tons 15 cwt.. A Manila rope of the 
size snapjied at 5 tons 17 cwt, and one of RuBsiao 
hemp at 4 tons 15 cwt In tlie traile, a Iblaatli 
rap3 is genemlly reckoned to be about -40 per cent 
stranger than one of Russian hemp. This gives i 
great pre|K)ndenince in favour of iron rape as r^ganb 
strength ; and when we consider its lightne6s, d 
hility, and cheapness as well, it becomes eaajr 
understand its extensive popidaiity. 

The mannfactura of canvas and conlagr fwin 
hemp is carried on in about forty factoruss in thn 
United Kingdom, and in numerous small estab- 
liHlirnents tliat do not come under that 
in the factories there is spinning 
the extent of 40,000 spindles, and the openairtf 
number between thi'ee and four thousand. 
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HEMP, FLAX, AND JXJTE.— II. 

THE MANUFACTURE OF FISHING NETS — HEMP CULTIVATION— VARIOUS CORDAOE FIBRES. 
By David BasicicER, Autitoe of " The IxouRTitiM or Scotland.*' 



A LARGE qijimtity of Lemp is iised in the manu 
fMCture of fishing net«^-a bniiich of industiy 
for which Bridpcui licus long been fitmous. In tlmt 
town eleven firm a are engaged in the business, some 
of whom do an extensive trade for hotlj home require- 
ments and export- Tlie Policiin Twine and Net 
Works, belongirijtr to Herbert E, Honnsell (limited), 
is i)erhap8 the lieat-knowTi mannfactorj of the kintl 
in the kingdom, having been establighed over two 
hundred years. In Home other towns in England, 
and also in Scotland and Ireland^ net making is 
ourried on, but not to the stinie eactent as at Bnd- 
port In the Scotch hening fishery cotton nets 
have largely supei-sede^! thoise made of henij>, but 
bemp is still the materinl ifi favour w4th tlie pt^ople 
engaged in the Canadian and adjacent fisheries. 
tSaimon, mackerel^ and pilchard nets are almost 
esccliisively made of heni|i ] while the French 
arnxUne fishers give the preference to flax. 

Meesn. J. Sz W, Stuart, of Musselburgh, near 
, are the proprietoi's of the earliest and 
rive net manufactory in Bootland. They 
6 



succeeded in business Mr, James Pateraon, the 

inventor of the net loom. Tlie lustory of thin in- 
vention is w^orth relating. Patei-son wiis emplojed 
in early life as a cooper; and as he strolleii about the 
links in the evenings, and gossiped with the young 
women who sat in groups busily making nets for 
their fathers or brcthei^, it occuiTefl to him that a 
finiehine might lie constructed to relieve his fair 
fnends from their tedious tjisk. He watched for 
houi'8 at a time how the mej^hes were regulated, and 
the knots formed; but his idc»as had not taken jmic- 
tical shape before he joined the army and went off 
to the wm^. He soon matle a good position for 
himself, and as dejmtv-assistant eomtmssarv -general 
serve<i in Egypt, the Peninsula, and Waterloo. 
Circumstances wei^e not favowrable for his doing 
anything to i-ealise his notion for the impmvement 
of one of the arts* of |>eace ; but " when wild war s 
dejKlly blast was blawn,*' and he returned to his 
native place, he resumed consideration of the subject, 
which ho used to declai-e was, even in his soi-est 
stmts on the battle-field, ever present to his mind. 
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Taking into his confidence an ingenious mechanic, he 
«et to work, and after much anxious toil and many 
<lisappointing failui'es, completed a machine which he 
believed would answer the purpose he had in view. 
Everything being adjusted, the levers were put in 
motion, and success seemed achieved, when, after 
one or two movements, the mechanism came to a dead 
halt, and could not by any available means be got 
to move again. Hours were spent in attempting 
to discover what was wrong, but without success, 
and, wearied with his prolonged anxieties, Mr. 
Paterson resolved to abandon all hope of seeing a 
net woven by machinery. Flinging the key of the 
room to his colleague, he went home. The mechanic 
induced a friend to examine the machine with him, 
when they found that the stoppage was caused by a 
bolt slipping from its place. The defect was made 
good, and the machine was got to work smoothly. 
Mr. Paterson, who was by this time in bed, was 
called, the fact that the machine was " all right " 
repoi-ted to him, and when he went to look at it, 
his assistant was producing by its aid row after row 
of meshes at a rate which a score of hand workers 
could not equal. 

Tlie net loom has since been improved in various 
details, but its principle of action is identical with 
that displayed in Paterson's pioneer apparatus. 
The machine, though called a loom, may be more 
accurately described as a hybrid between a loom 
and a knitting frame. It is about eight feet in 
length, and six feet high. The lower part consists 
of a series of levers or pedals which give motion in 
succession to the hooks, needles, and sinkei*s, wliich 
are arranged in a horizontal line about three feet 
from the floor. Over all this is a drum on which 
the work is wound as it is produced. The machine 
is worked in this way : — The oj^erative — usually an 
active young woman — moves a lever which draws 
the last-completed row of meshes off the sinkers, 
and tmnsfers them to the hooks. Another lever is 
moved, and the meshes are caught by the needles. 
The effect of these changes and the movements of 
other parts of the machine is to twist the lower 
part of each mesh into a loose knot. The foot of 
th(* opomtive pi-esscs another lever, and a steel wire 
is thrust across the machine through all the knots. 
There is a hook at the end of this wire — or .shuttle, 
as it is called — into which the end of a piece of 
twine is fixed. Tlie wire Is then withdrawn, and, 
as it g(M?s, takes the twine along with it. Now the 
sinkers play their part. Tliey consist of thin slips 
of brass, having a hook or notch formeil on the 
upper end, and are situated between tlie neeilles. 



When the twine has been drawn acroBS through the 
loops of the meshes, the sinkers are released in suc- 
cession, and, as they descend, each draws down the 
cross thread into a loop, sufficient to form two sides of 
a mesh, the other two sides being formed of the same 
parts of the previous row. Another movement or 
two remove the knots from the needles and draw 
them firmly, thus completing the operation. The 
occupation of the net weaver is rather an arduous 
one, as in the formation of each row of meshes hall 
a dozen levers have to be pressed with the foot, and 
a journey has to be made from one side of the 
machine to the other. In working the larger looms 
steam power is employed. 

The botanical name of the hemp-plant is Cannabis 
sativa. It is supposed to be a native of the warmer 
parts of Asia, but for many years it has been 
naturalised in Europe, especially in Russia, Italy, 
and Austria. Its cultivation has also been extended 
to America, and some small patches of land have 
been devoted to it in England. In Bengal the 
plant has been cultivated from time immemoriail, 
not for its fibre, but on account of its yielding the 
resinous basis of the intoxicating beverage called 
banga or bJtaiig. The Egyptians, Arabians, and 
other Eastern peoples, have also regarded this as 
its most valuable property. The liquor derived 
from hemp is known among the Arabs by terms 
signifying "the increaser of pleasure," and **the 
cementer of friendship;" while in Syria and the 
neighbouring countries it goes by the name of 
hasheesh. It is stated by Herodotus that the 
Thracians were familiar with the value of hemp 
fibre, and that they made cloth of it which none 
but a very experienced person could distinguish from 
cloth made of flax. More than two oentuiies be- 
fore Christ the ships of Syracuse were rigged with 
ropes made of hemp grown in the valley of the 
Rhone ; and Pliny tells us that towards the end 
of the first century the fibre was in common use 
among the Romans for sails and cordage. 

Our supplies of hemp are drawn chiefly from 
Russia and Italy. The modes of cultivation differ 
somewhat in the two countries ; but it will suffice 
for our purpose to give a brief outline of how the 
phuit is at present reared in Italy. In the dis- 
trict of Bologna and FeiTara, in the province of 
L'Emilia, the growth of hemp has been carrie<l to 
a high degree of perfection. The rotation of crops 
followed on the best land is — (1) hemp ; (2) maize, 
barley, or oats ; (3) wheat ; (4) hemp ; and so on. 
Tlie soil has to be prepared with groat cai^, and 
thoroughly manured. After being ploughed deeply. 
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it is pulverised witli malleta until the surffice is as 
due and evea as a gaiilen-[»lot. Sowing take^ place 
in ALirch, and mucli dejKjnd^i uix>n tiiu elioiee of 
eeed and the proportion used for \*urious kinds of 
Lind. It is usual in the case of mai^t^ and corn to 
sow tliinly on the nch soil ; with Lerup the coui-ise 
followed is ejcactly opixisite ; for this reason— that if 
the i)iants wex^e not close on the rich gro^ind they 
would grow large and coaiise, whereas the moi*© 
valuable iihns I** obtained! from the more sleufler 
Btalks. Tlie seed is gown with a machine, and nvked 
in. The plant appears above ground in ten or 
twelve <laya, and then the farmer has to contend 
with the vicissitudes of weather, insects, and diseaaea. 
A species of cjiteqnllar infests the tiner stalks, and 
if it is allowed to carry on its operations for a shoit 
time the stalks perish. Fortunately the caterpillar 
has a iKjwei'ful enemy in the shajie of an insect 
which destiws its eggs and thus checks its repro- 
duction. Of the diseases to which the plant is sub- 
ject, the tw.> which do most mischief are^pallor, 
which arises from a w*ant of iron in the soil ] and 
rickets, or drying up of the stalk and le44vea. The 
miilti plants are reaped first, the female ones being 
left and allowed to develop their seed-vessels. 
Wlien all have been cut down, the steeping jjrocess 
begins, its object being U> sepai'ate the fibrous from 
the wotidy pnitof the stalks. In its simplest form^ 
a macemting bnsin is made Viy embanking a sec- 
tion of an o{)en ditch ; but this answei-s \ery imper- 
fectly» as mud is certain to tintl its way among the 
liemp. An improvement on this m<xle is the con- 
■Iruction of substantial stone basins or tanks, which 
are filled wuth clciir water, into which the buntlles 
of hemp are thrown, and arnmged, and trodden 
down by jieasants. The work is disiigree4il>le, and 
when the water stagnates malaria is engendered. 
In Sicily a greatly improved nm^ei-atojo has been in- 
troduced as an independent s2>cculation. At a ilia- 
tauce from any human habitation, a large numljer 
of basins of groat capacity have been constructed of 
stone and cement, in the most subst^mtial manner; 
into these, wliile empty, tbe hemp is urrange^l, and 
then the water is allowed to flow in. The water con 
be changed as often as necessxuy% and the w^ork nuiy 
be carried on witli conii>arative health and comfort. 
The time the hemp is left in the macerat<jr depends 
uf»on a variety of cii'cumsUinces. On being taken 
out it is placed in liesps to dry. It is next beaten 
with wooden uiallets to se|)t»rat'e the fil>re, and 
then the st^dks are di-awn se]>arately through a 
brak€% which completes the detachment. By the 
application of a strong brush the loose bits of the 
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husks ai^e i^emoved, and the fibre is ready for tlie 
market. 

The macemting process mjuii-es so mudi time, 
and is so disagreeable, that many attempts have 
been made to disjK?nse with it, by de\^ing machinery 
capable of efiecting the so[)h ration of the fibi'e. So 
early as 1816 a machine was produced which per- 
formed the work after a fashion, but owing to the 
glutinous matter in the plant, the fibi'es were left 
in a sticky CO mil tion, which much retardeil the sub- 
sequent ]>i'ocesses of pi'eparing and spinning. By 
vai'ious hands improvements wei^e effected in the 
mechanism, aiul now a considerable quantity of 
hemp is pwjx^ired without mjvcerjition ; hut it is 
considei-ed to be much inferior in quality to that 
treated in the old-fasliioneil style. While mechani- 
cians liave been devoting their attention to the 
proiluction of uuvchines to ol>\date macenition, 
chemists have been trying to find means whei'eby 
the latter process might be made more expeditious 
and less offensive. So far, it cannot be said that 
comj*lete success htis been achieved by either : but 
the piiiltleiu will no doubt be solved some day. 

In order to induce the lazy peasants to work, the 
Itidian hemp fanner has to adopt a peculiar mode 
of piiyment. known as the nh^Jat/er system. He 
an*anges with a family or gang of worker's to^ 
accomplish certain parts of the work of cultiva- 
tion, in payment for which they receive one-thii-d of 
the j>roduce and ceii^iin j>enpiisites. The faimer 
ploughs the land and sows the seetl, and the 
peasants break the clotls, diive oft* biiils, pidl the 
weeds, cut down the crop, carry it to the macerators, 
and, finally, beat the stalks and separate the fibres. 

But the CannabU sathya is not the only plant 
from which cordage fibres are denved. It hit* 
a rival in the wild plantain {Jhwa tejctUw) ot 
the Philippine I^slands, which yields the strong 
and beautiful filti^ known as Manila hemp. In 
Amenca this variety of hemp i» used very exten- 
sively, and it is increasing in favour in this country. 
In 1831 our imixuls were only 2,2G2 cwt^ ; now 
we take about 400,000 cwt. jxh' annum, at a value 
approaching j£G(>(KO00. To meet this denj«Jid tJie 
nativx's have devoted themselves to extending the 
cultivation of the plantain, and now it covers 
extensive trnets of ground in the priueipal islands. 
Ill the localities to which the plant wtks indigenous, 
the people ap^x^r to have long been acquainted 
with its value as furnishing maten'al for clotliing^ 
rojie making, ami the like, Dainpier, in the narrative 
of his voyage in the Iiuliun Archij>eIago, gives the 
following description of the preparation of the fibi*e 
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or four inclies wide. Some pulp clings to the fibrafl|^ 
and this is removed hy drawing them under a 

pressed against a boonL^ 
Each bundle of the 
is about as tJiick as one*s 
thumb, and in order to 
facilitate the handling of 
it a knot Is put on oue 
end, and allowed to remaia^ 
until it is removed hj 
iT)[>e makers of the eouni 
to which it is sent. 

New Zealand flax (Fhar- 
mium t^noj^) is being ex*^ 
tensively used in the colonyJ 
and also in Australia^ 
the mauufacture of oor 
wool-l^tfigs, and mata^ 
appearance this i»hmt 
tH'iuliles the flag or ned^ 
and is indigeinous to Ke 
Zealand, where it is to 
met with abundantly 
mai-shj situations, and ; 
on the sca-ooftst The fil 
which is detachetl with some diflicuUy, owing to ti 
being enclosed in a resinous coating, bears 
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resemblance to jute, biit 
it is liarder and also 
stronger. SucceBsfiil ex- 
perimeBts have been made 
in the cultivation of the 
Fhormium teriax in Biitain 
jmd various other parts of 
Europe, and the promoters 
of the scheme for the de- 
velopment of the Missis- 
sippi valley have contem- 
plated the introduction of 
the plant to that region, 
where it is belie ve<! it 
would thi-ive well Owing 
to the extejit to which the 
fibre is now worked in the 
colony, New Zealand has 
almost entirely disaj)2>eai^ 
:fit>m the list of importers 
of cordage, and her exports 
of that commodity and flax 
have assumed important 
dimensions, amounting in 
the aggregate to not less 
than ^200,000 a yeai* in 
value. Tlie coloniiits have 
found the flax a remunera- 
tive crop, and are devoting 
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considerable attention to 
it. In all the centres of 
population flax factories 
have btsen established, and 
these, and the cultivation 
and gathering of the cix>p, 
give empfujTnent to a large 
number of persons. The 
price of the dressed flax 
ranges from ^20 to £36 
per ton, according to the 
quality. A few years ago 
a series of expenments 
were made at Wellington 
to test the durability of 
New Zealand flax rope as 
compaix^d with rope made 
from Manila hemp. These 
showed that the former 
withstood wear 34 per 
cent. l>ettL^r than the latter, 
though it was moi*e lialile 
to chafe, and more suHcep- 
tible to weather influences. 
The advantage was, how- 
ever, reversed when the 
rojies were saturated with 
sea-water, in which case 
the Manila rope showed 
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itself to be better than the New Zealand by 10 
per cent. 

Another impoi*tant material used in the manufac- 
ture of cordage, matting, «kc., is coii*, as the fibrous 
rind of the cocoa-nut is called. Of this article 
we imi>oi't about 10,000 tons per year, at a cost of 
over £200,000. It comes to us chiefly in the form 
of yam suitable for making cables, and as thus em- 
ployed the fibre is held in high esteem on account 
of its strength, lightness, and elasticity. Vessels 
furnished with coir cables have, in many instances, 
ridden out storms in which others, though moored 
with heavier ropes of common hemp, have come to 
grief. For many purposes in which strength is 
a more important factor than elegant appearance, 
coir is used with much advantage, such as in 
netting for sheepfolds, «kc., mats and bags for seed- 
crushing machines, nose-bags for horses, brooms 
and door-mats. Attempts have been made, and 
not without some measure of success, to reduce the 
fibi-e to a degree of fineness sufficient to admit of 
its being worked in the loom into various fabrics. 
Coir mat making has been introduced pretty ex- 
tensively into our prisons, and as the labour of 
convicts is cheaper than free labour, great dissatis- 
faction has been created in the ranks of those 
engjigetl in the trade outside piison walls. 

Various s[>ecies of the agave plant supply a 
valuable fibi-e which is used for rope making and 
other puqK)ses in Mexico and Peru, and has come 
into favour ui the United States. England is 
also an importer to some extent. Sisal hemp is 
the product of the Agave sisilana, and the Unitfed 
States* rope makers draw large* supplies of it from 
Yucatan. Successful experiments have also been 
made in introducing the plant into the States, Kiey 
West and the adjacent islands now growing a 
considerable quantity. When cai-efuUy prepared, 
sisiil hemp brings a higher price than Manila hemp. 
Tlie fibre is contained in the leaves of the plant, 
which are cut ofi* at a cei'tain i)eriod of gi'owth. 
After being drieil for a little time, they are beaten 
with a mallet to loosen the fibre. Before the fibre 
can be finally rcknised, the gummy substance in the 
leaf liius to be got rid of by steeping in water and 
a vigorous apj)li cation of a wooden scraper. The 
steeping is sometimes carried on till fermentation 
sets in ; but that process, though it facilitates the 
seiMinition of the fibre from its glutinous case, 
gi*<Mitly d<'t<*rionites its quality. It is said that 
roi)es mixiXii of sisal are lighter, stronger, and more 
dunible than those made of onlinarj' hem]). 

Indian hemp, or sunn, is used for rope making 



in many parts of the East, but it is of poor quality^ 
and has nothing but its cheapness to recommend it. 
A more important Indian fibre is that derived from 
the rheea plant. It is a s])ecies of nettle, and 
its fibre is superior to both flax and hemp. In 
gloss and fineness it resembles silk, and having 
besides somewhat of a woolly character, it is fitted 
to occupy a liigh place among industrial fibres. 
Exi)erience has shown that it can be easily worked 
on worsted machinery, and in combination with 
either cotton or wool, and that in the form of 
cloth it is very strong and durable. For rope- 
making purposes, it is superior to hemp, as being 
stronger, and suflfeiing less deterioi-ation from -being 
frequently wetted. Its lightness and durability 
fit it also for making sail cloths, tents, <fec. As a 
basis in the manufacture of paper, it admits many 
materials otherwise unsuited for the purpose to be 
worked up. Under the name of China grass cloth, 
a fabric made from rheea fibre has long borne a 
high reputation. In 1803, Dr. Roxburgh named 
the plant Urtica tenacismna, and poii^ted out its 
importance as a yielder of fibre. At the Exhibition 
of 1851, it was brought into notice somewhat pro- 
minently, and ropes made of it were shown which 
possesseil a strength equal to three times that of 
ropes of the same dimensions made of Russian 
hemp. The value of the fibre was generally ad- 
mitteil, but a serious obstacle to its introduction 
as a competitor with flax and hemp lay in the 
difficulty of its preparation. In 1869, the Indian 
Government offered a prize of £5,000 to the inventor 
of the best machine for se^mrating the fibre fit)m 
the stem, the conditions being that the cost of 
preparation should not exceed £15 per ton, and 
that the fibre produced should be of a quality to 
command a price of £50 per ton in the TCn glii^ h 
market. It was also considered desirable that the 
fibre should be got out while the plants were in a 
green state, as then it presented a richer gloss; 
and as a supply of green stalks could not be had 
iji tliis country, it was necessary that the machines 
should be tested in India. At the specified time 
only one machine was brought upon the ground, 
which, though very ingenious, failed to realise the 
conditions of the competition ; it was, however, 
considered so meritoiious that the makers were 
rewarded with £1,500. Subsequent attempts to 
deal with the plant have been attended with an 
encouraging amount of success, and it may indeed 
be confidently predicted that rheea will, ere long^ 
take an important position among our industrial 
fibres. 



SHIP BUILDING. --II. 

THE ROYAL DOCKYAKDS. 



EOYAL dockyaixls are dwtinguisheil fi\>m the 
lHr;t,'est pri\^ite ship yaitls l>y their antiquity 
juivl ext<*nt, as well as by their organisation and 
the cliveraity of theii- of^enitions. They are I'eally 
naval arsenals » comprehending all that is necessaiy 
for the building, equipment, and rejmir of our war 
fleet. As the tyfies of war ships have changed, so 
have the dockyards been modified and ext-ended 
to meet altered requii'emeiits ; but much remains 
in them which is venerable on account of age or 
historical associatioiis. In 1867, there were seven 
of these dookjaj'ds. Since then the yards at 
Woolwich and Deptford have been closed, and 
there now remain those at Portsmouth, Chatham, 
Devonport, Sheemess, and Pembixike. There is 
evidence that at so early a date as 1212 there was 
a. naval establishment at Poi-tsmouth ■ the sheriff of 
tlxe county of Southampton having then received 
onler to enclose the king's docks by a strong 
ami to provide suit*Lble storehoysea. Until 
the reign of Heniy VllL, however, there was 
no royal navy specially built for fighting, nor 
any royal dockyard worthy of the name ; and 
to that monarch l»elongs the credit of founding 
jiutls at Portsmouth, Woolwich, and Deptford. 
<7hatham yanl was founded in the reign of Eliza- 
l^th ; Sheemess yard was established about 1661, 
nml re mo<lelled aljout 1823. Devonport yaixl 
<Utea from 1693; and Pembroke yard from 1815, 
More than 16,000 men are employed in the five 
existing dockyards, the iuiiiual wages exceeding 
a million pounds sterling. Nearly one-half of 
theae men are permanently employed, and become 
entitled to pensions after ten years* service ; the 
values of their pensions vary with the length of 
servitude, and on attaining the age of sixty all 
workmen are retii'ed from active service. The 
hold thus obtained on the men has very beneficial 
effects : strikes or inteniiptions to steady work 
are imknown in tlxc dtx-kyards; a force of highly- 
trained' artificers is always available, and this can 
be reinforced hj lai'ge bodies of hired workmen 
in cases of emergency. It is prol>ably ^vithin the 
truth to say that nowhere ciin a bo<ly of workmen 
be found superior in education, intelligence, and 
capability, to those employed in the royal dockyanls- 
The Admiralty train a large part of this stiiff by 
the system of iipp?^ntic*'ship, but a large number 
'recruits come from jirivate establishmeuta* 



Every class of workman re^uii-ed in connection 
with the building or rejiair of ships and engines 
is represented in the dockyards. ^fweuty years 
ago, wood shi|»8 alone were built in thene yainls ; 
but now no wood ships are constructed, iron and 
composite ships having replaced them. A very 
large number of wood ships, however, remain on 
service, and their re^wiirs constitute no mean share 
in the work of nuuiy of the yards. The leading 
ti-ade is the Mpmnght ; about one -fourth of the 
total number of men employed belong to tliis class. 
A shipwright in a royal dockyard is, however, a 
very diflferent workman from one beaiing the same 
name in a private yard. Minute suli-division of 
labour amongst dLfferont classes of workmen, such 
as exists in private establishments, ia unknown in 
the dockyards : a shipwright is rcquii^d to be able 
to work indifferently on wood and iron ships, per- 
foiTuing for the latter the moi^ tlifficult oi>er'ations 
which the plut^r pei-forms in pnvate yards. Tlie 
rougher fiails of the iron shipwork are done by a 
cliLss temied skilled labourers, who act as closera, 
drillers, riveters, caulkers, and painters, under the 
BuperWsion of the shipwrights, 8miths, joiners, 
caulkers, riggei-s, sail makei-s, plumbers, titters, 
foimdei-s, and members of other minor tnidea assist 
the shipwrights in completing the fittings of sliii>s ; 
l>ut it is still as true as it was in the ilays of wood 
ships, that the shipwiight buikls our men-o-war. 

Except in specuil circumstances, the workmen in 
the dockyards ai-e not employed on piece-work, or 
paid in proportion to tlie work aocomplishetl. It is 
thercfoi*e necessary to have a well-organised system 
of inspection and 8U[KjrvLsion, m order to secure the 
j>roi>er quantity and quality of work ; and such a 
system i& in operation. The workmen are armiiged 
in gi-oups of twenty or tlurty, and a 8ulK>rdinate 
officer ia ma^le responsible for the sutisfjictory per- 
fonnance of duty by eiicli gi-oup ; over these sul>- 
ordinate officera snjjerior officers are pUoed, who 
direct jmrticular sections of the work of the yard. 
0\'er these, again, come several cliief or princijjal 
officers ; and at the head of each dcwkyaixl a 
ruival officer is placed, termed the superintendent. 
Tlie geneml dii^ection of all tlie dockyards resta 
with the Admimlty. 

Factories for the repairs of the machinery and 
boilers of our war sliip^ have V>een created at all 
the dockyardjs except Pembroke, The fij-at con- 
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Btruction of the propelling machinery for ships 
of tlie royal navy is almost wholly entrusted to 
private marine engineering establishments. These 
fisu^tories are, of course, of comparatively modem 
date, but they have already attained large dimen- 



working the guns, and many other duties. This 
extensive use of steam power, of course, multi- 
plies the chances of derangement, and it is found 
desirable to employ from 1,500 to 2,000 men in the 
factories, to meet the current work on the repnixs 




Plax of Pobtskouth Dockyard. 



sions, and are being considerably extended. Now 
that war shijis are, as has been said, " mere boxes 
of machinery," it is of the highest importance 
that the fiictory de[)artment8 of the dockyards 
should 1)0 elHcient. Steam power is used so freely, 
in on Km' to reduce manual labour, that it is no 
uncouiniou thing to find thirty or forty engines on 
board a lar«,'e ship. Besides the main proix?lling 
engines, tluM-e are engines for pumping water out 
of the shij), for driving ventilating fans, hoLsting 
the anchors, steering, turning turrets, loading and 



of machinery for our war ships. Boiler mdcen^ 
riveters, fitters, blacksmiths, copper-smiUiB, pat- 
tern makers, founders, and many other trades, 
are all includetl in this totaL Until very re- 
cently, all these workmen were hired, and liable 
to be discharged when their services were not 
considered desirable ; but it has now become the 
practice to establish some portion of these men, 
and to guamntee them a pension, as is customary 
with the dockyard workmen. A greater hold is 
thus obtained upon the men than when undor 
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former conditions, and this change in the system 
jjromitet*s well. 

Although the dockyards provide for the constnio- 
tion, outfit, and repairs of our fleets, they are not 
manufat-turmg estiibliJiliraents, except in two or 
three uijecial cases. Copj>er sheatliing for the bottoms 
of sliips is made at Chatlxam — this manufactui^ 
requiring to be conducted with 8j>ecial care and 
under watchful supervision. Old iron is also re- 
manufactured at that yaitl^ large aocumidations 
of scrape from all the dockyai'ds being thus dealt 
with economically. Rope and cordage for the royal 
navy are made in the roperies at Devonport and 
Chatham, where machinery of the most improved 
kind has been erected. Btit in all these cases there 
are good reasons for departure from the general 
rule, that all purchasable articles for war sliips 
shall be piTi'rured from private manufacturers, and 
not made in the dockyards. Anchors, cables, c^p- 
Btam, virindlassas, uid many other important items 
in the equipment of ships, are bought from persons 
not in the service of the State ; and the machines, 
tools, and much of the [ilant of the yards themselv^, 
ai-e similarly obtained. The Admii-alty are also good 
customers of tlie timber merchant and iron maker, 
ehip-buildiiig o|»erations being canied on upon a 
large scale In the dockyaixk, Tliese gi'CAt national 
eMt^blishmenta therefore do not com|iete with pri- 
vate ship yards ; nor are they conducted upon com- 
mercial principles. The ktter fact has sometimes 

|l>een made a matter of reproach, but there are 
obvious differences between |>rjvate and public 
eatablishments. Private establishments are car- 
ried on for the sake of profit to their proprietors, 
one of whose chief objects is to minim Lie *' esUib- 
lishment charges," and to keep down e3cpenae8 on 
the plnnt, buildings* and outfit of theii^ yards. 
The dockyards, on the other hand, are liable to 

i^Audden and extensive calls u[K)n their resoui"ces ; 

i must [K)8se88 plant and outfit sufiicient not merely 
for ordinjiiy work, but for possible emei^encies ; 
have large bodies of men engaged upon the provi- 
sion and custody of reserves of stores and e([uipmeiLt 
for the fleet ; and in many other respects difier from 
jirivate yards established simply for the buildiiig or 
i'e|mir of vessels not -owned by the sliip builders, 

.This essentia] diflerence is best expressed in the wonls 
already used ; the royal dock}nirds are naval arsenals, 
and important features in the national defence. 

The chamcter and scojie of the works performed 
ill Uie dcx'kyanls will upjiear more clearly if, in im^igi- 
nation* we conduct our r^^aders through one of these 
establishments. Fortsmouth yard, which is one 



of the lat^fest as weU as one of the oldest dock 
yardSj will suit our ])urj>ose admirably^ and on 
sketch-plan will serv^e to guide us in the Burvr| 
Passing along ** The Hai-d " at Portsea, 
Ca]>tain il^larryat has made famous, the visitor wil 
notice on his left hand lai'ge rafts of timber lyiii 
agroimd, or floating in the shallows when the tid 
is in. These rafts form part of the dockyard stockj' 
and will be brought into use as required. Leav- 
ing our names in the visitors' book, kept by the 
police at the entiunce gate, let us advance still in 
the same direction. On the left of the entrand 
stands a long I'ange of nioitt hoiuttg^ where &Jii| 
wrightH are busy making and rejuiiring mast 
yards, and spars of all kinds. From the furths 
side of the mast house, a gradual sloi>e leads dov 
to the niagt panel, where the spars lie almost in 
mersed, in order that they may deteriomte as little ' 
as i>o88ible before they are brought into use. Oi>i» » 
site tlie mast house stands the boat liOtme^ when^H 
boats of all kinds ai"e built and repaired, ahipwrighl^^ 
being again the artificers employed. A most izL< 
teresting field of study dues the boat house pi 
to the visitor with ample leisure ; for boats, as W( 
as shi[)s, include a vast variety of classes and tjpi^ 
Hei^ wHl be found the tiny ** dingey "or ** |iuni 
which will hold only a few persons, stowerl jierlia] 
inside a huge " laimch/' which can carry over 
hundred people. The life boat, the whale boat, 
gig, the cutter, and other kinds of ro\**ing boata^ 
all represented ; while the variety of boats propelled 
by steam power will startle those not familiar wil 
the changes which have been wrought of late 
in this part of the furniture of ships. And 
of all will a]f}M^ar the '' (x>llapHible '^ boats carried 
the tix>op and store fillips, which can be folded up 
into a very small compass for stowage or tnal8{>o^ 
tation, but which, when e3ti)anded, can be mtde 
cajmble of carrying troofis, horses, and guns. 

Passing on, we find on all sides evidenae of the 
fact that this is a great naval ai-senal, as well at s 
ship yartl. Long ranges of storehouseB, cnunaivd 
full of all that is required for the equi]iimeDt d 
sliips, meet the eye. Bigging, sails, anchoTB, oaUait 
and other articles, are here kept ivady for ua& One 
building, approaching a thousand feet in length, 
can Bcai'cely esca[>e notice : it is the ropety^ w^ 
disused, where formerly the hawsers, cabW, m^ 
ropes for the port and fleet were manufacturM 

Advancing fui-ther, the visitor is reminded u.y^ 
such a vast est^iljlishment i^qiiiivs a large staff *^ 
miinagersjby jiasaing the offices whoreui the ndmirii' 
su|>erintendeut and the heads of deftartmcntK fttt 
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located. Moreover, he is standing in what was the 
rery heart of the dcK-kyani aljout thirty years ago, 
although now it is only one of the outakirts. Before 
him in the old Rliip basin ^ where small shiim lie afloat 
while undergoing the final tonches in hnilding or 
repaij'8 ■ and within sight there are five or six dry 
dockfi, once thought magnificent, but now regaixled 
$m of amall dimensions. Two hundred years ago, 
the first dry dock is said to have been built at 
Pofftsmouth ; now there ai'e no less than sixteen 
or seventeen docks, the longest exceeding 600 
feet in leiigtk The old sbi]> basin covers about 
2^ acres ; but thei-e are now four other basins, or 
floHting docks, not reckoning a tidal baain, which 

f cover an aggregate ai^a of about 60 acres, the largest 
|f the four having an area exceeding 20 aci*ea 
•In hiB ** History of Naval Architecture," Mr. 
Fincham, who was for many ye^irs mtister ship- 
wright of Poitsmouth yard, gives a very interesting 
account of the earlier ojierations conducted by 
Creneral Bent ham, at the close of the Isat century, 
in extending the dock and basin acoommodation. 
He aaya: — "General Bentham had to encounter 
much opposition to the prosecution of his plans of 
improvement ; for the construction of basins, docks, 
anil jetties was the ohjec^t of strong objections, urged 
forcibly on the grounds of danger, the inipractica- 
Iniity of execution, and the final inutility. Pre- 
rioosly to these improvements being intitxluced, 
aJiDOSt ail the shijis on l>eing fitted out were obliged 
to have their eq»uj>ment completed afloat in the 
harbour, whereas by the use of deep docks, basins, 
and jetties, shi[ifl may have their equipment com- 
pleted^ and can then be ti\ken 'mta the harbour.'^ 

The policy thus initiated has Ix^en amjily justified 

bv experience ; and all extenfiiona of the yards, not 

ly at Portsmouth, but elsewhere^ have been 

mparded M^th a large increase of the dix-k and 

boain accommodation. 

Taking our stand on one of the jetties of the old 
Bliip basin^ let us loiuk around, Tlie harljour, studded 
with war ships of all classes, from Nelson's flag ship, 
the old Victory, down to the iron-clad monitor of 
the present day, is certain to be first noticed. Then 
tlie long line of jetties which fringe the harbour and 
form the outer boundary* of the dockyard i^'ill reeeive 
attention. Alongside may be lying one or two of 
the nmgnifioent troop ships employed in conveying 
our soldiers to and from India, vid the Suez Canal. 
Perhajifl one of the gi-aceful paddle steamers belong- 
ing to the Royal Yacht Squadron may also lie seen, 
berthed in close proximity to an iron-clad ship, of 
which the api>earanco becomes moi*e ungainly by the 




contrast, The chances are also that our unarmoured 
war 8hi|i3 will be ixqiresented, and the dinnnutive 
but important tori>edo vessels. Nor shouitl the 
small cnift of the yard be missed— the tugs, the 
boats, the lighters, anfl the di-edgers, hII serving some 
usefid purpose, and all requinng to l»e maintained 
in eiiicient working order. High alxjve the jetties 
tower the gigtmtic sheer-legs for lifluig masts, or 
engines, or boilei-s, into and out of ships ; ami on 
every side one meets with machineiy or api»liances 
for reducing manual laliour and increasing tlie speed 
at which work can be peiformed. 

Pursuing a somewhat devious course onwards, 
crossing caissons or gates at the entmnces of docks, 
and overlooking the workmen busy beneath in the 
re|>air8 of shi|)s, we shall notice in |»a,ssing many 
impoi-tant adjuncts of the sliip-building dejnirtment 
of the dockyard. Tliere are the timber sheds, 
where logs and planks lie stacked ; the saw jnta, 
where sawyers are busy cutting timbers to the 
shaj>es required \ the saw mills, driven by steam 
power, which do the heavier jmii^ of the work, 
in which the skill of the han<licraflsman is not 
re^piired. The joiners', paintei-s', and ](hini!H?rs' 
shojis will also l^e I'emarki^d, and will well rejmy a 
\'isit, Tlie smithery, i^-ith its 8t«im hammers and 
bm^Tiy workmen, if not inviting in appeai'ance, is 
interesting in its prooesses ; so also is the foundry, 
where tlie castings in iron or metal wliich ai«? 
required for fitting out shi|is are prp|Hired. 

The ** building slips" compare very favouralily 
indeed with the coiTesiionding features in private 
yanls, where the object naturally is to ivibice the 
outlay on mere premises to a minimum, A long 
ninge of slij^s at Poitsmouth stand side by side, 
and ai'e all roofed over. The machinery required 
for iron shij) building is }>laced in the spaces 
Ix'tween the slips, and conveniently near the work. 
The workmen thtis sheltered ai^ not interrupted 
by laid weather, as is often the case in piivat^ 
yards, where the slips are commonly uncovered ; 
itnd, further, in the ctuse of wo<jd ships thn> shelter 
is advantageous to the durability of the vessels. 

Great variations occur in the amount of new 
work which a visitor has the opportunity of ol>' 
serving at Portsmouth or any other yaid. He 
may find most of the slips full, or he niay find 
them all empty. Not so very long ago at Poits- 
mouth the famous iron-clad Infit^ribk might have 
l^een seen on the stocks, togethei' with two swift 
unarmoured cruisers. It is sometinu^s preferi-e*! to 
build such he^avy ships in dry docks; this was done 
in the case of the Deva^kUiQiin which was built at 
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PortsmoutL Of late years Portsmouth has not 
taken so important a share as formerly in building 
new ships for the navy ; Chatham and Pembroke 
have been more fully employed on that cl&ss of 
work, while Portsmouth, and especially Devonport 
and Sheemess, have been engaged upon the com- 
pletion and repairs of vessels. Pembroke is almost 
exclusively a building yard, and there, or at Chat- 
bam, the construction of war ships can be studied 
even more advantageously than at PortsmoutL 

After inspecting the building slips and the ma- 
diinery, we notice, in the immediate neighbour- 
hood, the engine factory, with magnificent smithery 
attached, and a shop specially devoted to the pre- 
paration of the armour-plating for ships. Mere 
statements of thicknesses of armour do not appeal 
to the general reader; but when he sees before 
him huge masses of iron weighing fifteen or 
twenty tons, and twelve or foiuiieen inches thick, 
he begins to realise some of the difficulties to be 
faced in iron-clad ship construction. And when he 
sees these huge plates lifted, bent, drilled, planed, 
and nicely fitted by suitable machinery, he cannot 
Jail to be impressed with the wonderful power 
which the use of steam has placed in the hands of 
the modem mechanic Nor less is the interest 
that will be felt in watching the shipwrights 
fixing and fastening the cuirass on the sides or 
tun-ets of the ship, with such skill that, when 
complete, the surface is almost aa smooth and fair 
as tlie work of a cabinet maker. 

Leaving this department, the visitor comes uix>n 
the steam basin, about three times the size of the 
M basin, which, with the engine factory, was 
added in 1848, when it became evident that sail- 
ing shii)s must give place to steamei-s. Here will 
be seen numerous vessels under repair or being 
completed, and out of it open some magnificent 



dry docks. -We now stand on the boundary of the 
older portion of the yard, and are approaching the 
grand extension, which is scarcely completed even 
now, although it has been in progress for many 
years. Convict labour has been employed here, as 
at Chatham, to a very large extent and with ex- 
cellent results. The grand scale upon which this 
extension has been planned will appear from the 
sketch-plan, and from the statement that whereas 
the area of the yard was formerly under 120 acres, 
it will when completed approach 300 acres. The 
docks and basins already completed and in use 
form an immense gain to the efiiciency of the estab- 
lishments ; when contemplated additions are finished, 
there will be nothing to compare with it, except 
Chatham yard, where even more extensive works 
are in progress. 

At length, it may be supposed, we have reached 
the end of our journey ; but there are still other 
points of interest. To reach these readily, we 
may avail ourselves of the lines of railway which 
extend over the yaixi, and rapidly retrace our way 
towards the enti*ance. We shall find that within 
the circuit of the walls there are enclosed a large 
number of residences for officers, the admiral- 
superintendent, the commander-in-chief of the 
port, and the police who keep watch and ward. 
Thei-e is also a church, a chemical laboratoiy, 
a school for appi-entioes, a mould loft, and draw- 
ing offices, and last, but by no means least, 
the Iloyal Naval College, wherein officers reside 
while pursuing special courses of study in gun- 
nery and torpedo warfiu^ This formidable lial 
of contents is, we fear, incomplete; but enough 
will have been said to indicate how great la tlie 
difierence between the naval arsenal and any. evea 
the largest, private establishment connected with 
ship building and marine engineering. 
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CONDITIONS OF RIVALRY. 
By H. R. Fox Bourns. 



THOSE days may come, perhaps, which the Poet 
Laureate describes in his vision of the future, 
when 

" the war-drum throbVd no longer, and the battle 

flags were furl'd 
In the Parliament of man, the Federation of the world ;'* 



but we ai*e yet a long way fix>m them. If, happily, 
the jealousies of nations and their rulers' do not 
so often show themselves in actual warfieure now an 
in the old times, they exist, neverthelen, and find 
expression in contests that are none the leas kern 
because tliey are bloodless. England eqwciaUyt 
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which m&j boast that it hm gone far towards 
uloning the barVmroiis device of provoking and 
settling diw|iutes with other nations hy resort to 
arm?(, ciinnot elairn to ]>e fi-ee from jealousy of neiglf* 
bounng Powens thut are threatening to weaken, if 
not to destroy, the commercial and industrial supre- 
macy which, during the past few generations, her 
pei>ple htive accpiii-ed. But, unless imtriotism even 
of the highest sort is an unworthy sentiment, there 
UB nothing ignoble in the alarm with which we must 
watch the successful rivalry that is being estab- 
lished against us by foreign countries in many of 
the peaceful artJi that were fonnerly I'egurded as 
peculiarly our own. This foreign rival i-y, in m far 
SB it indicate!) the iucreaauig pros{>eriiY of tlie 
Dataons that exhibit it^ and the gi-owth of happiness 
among their peoples, is, of course, a clear gain to 
the world, and a thing to rejoice over, even if 
it involves some loss of dignity and matenai ttdvan- 
tage to ourselves. To idly denounce it would be as 
oontemptihle as it woultl b»e useless, and to resort 
to arbitraiy efforts at restraining it would be alto- 
getlier mischievous. The only wise and patriotic 
eoUTBe is carefully to examine its conditions, and 
the various elements of pi-esent and prosjxiftive 
aiKoeBS in it, in oi-der that we may amend our own 
Wiys of procedure where they are at fault, and 
where amendment is possible ; and, in those cases 
in which no ade<[uate impi'ovenient is practicable, 
be at any mte prepired l>:*r the inevitable changes 
that must come about. 

Many circumstances have combined to give 
England an advantage, hitherti>, over most, if not 
all, other nations, in a great variety of industiial 
jjursuits. Whether or not the piinie cause was in 
the bodily and mental tem[>erament of that btunch 
of the Teutonic family which liegan to take jxisses- 
aion of our isltmd a thovLSiind years or more ago, 
£nglishmen have always l.»een conspicuous for their 
InMUng enterjirise. The guilds that still survive 
in gQicli bodies as the City couijianies of London 
grew out of organisations existing k»ng before 
the Norman Conquest ; and the jHjlitieal privileges 
aoquired by them during the ensuing centuries 
yielded es|)6cially favoumble conditions for develo{> 
ing all the crafts and trades that were needed to 
supply the wants not only of English jieople, but 
also of foreigners. ** When I consider the true 
dimensions of our English traffic/' wrote Master 
Lewis Roberts, in his ** Merchants' Map of Com 
merce," [mblished in 1 638, *' together with the inbred 
commodities that tins island affords to preserve and 
maintain the same, with the industry of the natives, 




and ability of our navigat-ors, I justly admire Inith 
the height and eminence thereof. The staple com- 
modities of EnglaiHl are cloths, lead, tin, some new 
late dmpeiies, and other Englisli vt^al and ntyjj 
[that is, pat-ented] cotnmcKlities. Sliippetl hence, in 
fonner times, they yielded ly their iieturns from 
foreign parts all those necessities and wants we 
desired or stood in need of. But the late gi^eat 
tratiii.t of this island hath bi'tui sucIj that it hath not 
only proved a boimtiful mother to the inhabitants, 
but also a court<H)U8 nurse to the adjoining neigh- 
bours ; for in what matter of tmific they have lost 
we have been found to have gained, and what they 
have wanted we have Ijeen noted to have supplied 
them with/' llie gi-e^t increase of ** the dimensions 
of English traffic" which thus startled ol:*senei'S 
two and a half centuries ago had its oiigin in the 
skill and energy with which the people not only 
utilised and multii>lied the natural resources of the 
country* but ixlmy brought into it ft*om foreign lands 
raw materials to be mantifactiu^ed into seiTieeable 
oommoilities; and the ti*affic has continued to l>e 
mightily developed ever since. Till lately it was 
almost heresy to doubt that this development 
would not go on at the same rate for ever. Now, 
however, we tind that^ either fi'oni accidental or 
&om jjermanent causes, our commercial jjrogi*ess is, 
to say tlie leust, by no meiins so rapid as it used to 
l>e, and that in vanous departments of industrial 
enterprise foreign rivals are boldly facing us. It 
is only pi*udent therefore to intpiii»e how far we 
are in a position to meet and oveirome the dangers 
that threaten us, even if thnse dangej-s do not at 
present afford giound for very senous alai*nL To 
bring together sotne facts, and to offer some sugges- 
tions jiertinent to such an inrjuijy, is the [mrpose of 
the present series of chaptei-s on FoRElOK Rival- 
ries IN Industrial pRODrcTS. 

The most obvious element of suceevss which one 
country can have in industiial eom|K*tition with 
others is the jH»ssession of natund advantages for 
industrial enterprist\ In this resjiect Enghuid is 
fortimiite. It lacks many of the materials that are 
still sources of pixifit to some other nations, and 
wei^ in former times of far greater conrmercial ini- 
fmi-t^mce than they aj^ now. It has neither gold 
nor sOver mines ; it yields no precimus stones, or 
costly spices ; and if it now^ manufactures rich, deli- 
cate, and gorgeous fabrics, that vie with the produce 
of the tropical East, its raejms of doing so nve 
almost entirely artificial. It was in such commo- 
dities as these that the old-world merchants chieHy 
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dealt, and it was by their help that the first trading 
nations acquired wealth and industrial importance. 
Each inhabited district of Europe — every tiny vil- 
lage almost — produced its own simple food, its own 
rude garments, its own rough tools, without their 
being looked upon as articles of trade at all. But 
even in the far-off days when Phoenician traders 
scoured Persia and India for the only merchan- 
dise then held of much account, these traders also 
made their way to Britain in quest of tin ; and as 
soon as the island became a Roman colony, the new 
civilisation planted in it found expression in the 
working up of this and other native metals. Thus 
a basis was laid for the industrial progress of the 
English people. The smith, the maker of iron and 
other tools, was the most important of English 
craftsmen from the earliest times. "Whence," 
he is made to ask, in a curious collection of Anglo- 
Saxon dialogues, " hath the ploughman his plough- 
share and goad, save by my art ] Whence hath the 
fisherman his rod, or the shoemaker his awl, or the 
sempstress her needle, but from me ] " Laws were 
enacted in his favour, and he was encouraged to 
practise and improve his calling in such ways as 
not only caused other domestic occupations to be 
largely practised and steadily improved, to the great 
advantage of his neighbours, but also led to further 
benefit from the bartering of his various wares for 
the more diverse produce of foreign lands. England 
cei-tainly owes not a little of its greatness to the 
fact that it is, remembering its area, more richly 
stored than any other country with the most solid 
and serviceable of all minerals ; and its wonderful 
industrial development in recent generations is, 
more than to any other material condition, due to 
the fact that in convenient proximity to its mines 
of iron are mines of coal, enabling the iron to be 
put to uses that would fonnerly have been regarded 
as incredible. In the possession of other material 
resources it is less |)eculiarly favoured, though its 
advantages over many neiglibouring countries, as 
regards soil and climate, have also largely contri- 
buted to its prosperity. Its indigenous and acquired 
food resources have only indirectly conduced to the 
growth of its industries, by giving vigour to those 
engaged in them. But its forests have yielded, till 
lat^ily, abimdant material for ship building and the 
like ; its flocks of sheep have supplied it with both 
leatlier and wool ; and by tlie encouragement of 
flax cultivation in Ireland, some two centuries ago, 
facilities were afforded for planting in it another 
great staple of textile manufacture. The spreading 
of the English race in distant parts, moreover, and 



the establishment of English colonies and pofiseBSLons 
with conveniences of intercourse between them and 
the mother country, may almost be said, besides 
Hading to many other industrial results, to have 
naturalised in England what is now the most im- 
portant of all textile commodities. Though its 
special advantages in this respect have now nearly 
passed away, the addition of cotton manufacture 
to the manufacture of woollen and linen goods in 
this country has been in great part due to the 
favourable opportunities formerly existing for im- 
porting the material from America. 

The easy possession or acquisition of the actual 
materials of trade, however, is only one element in 
industrial success. The articles themselves are of 
small value unless we have strength and skill to 
use them.. Here, also, England has been notaUy 
fortunate. However brought about, the physical 
— ^perhaps, too, the mentals-characteristics of its 
people have been, in the main, well adapted to the 
work devolving upon them. In delicate manipula- 
tion, and in artistic refinement, the average English- 
man may be surpassed by the average Frenchman, 
and in other respects the inhabitants of some 
foreign coimtries may also be superior to him; 
but, on the whole, his temperament and capacity, 
when duly regulated, give him an advantage over 
all competitors. " Individuals or nations," as Mr. 
John Stuart Mill remarked, " do not differ so much 
in the efforts they are able and willing to make 
under strong immediate incentives, as in their 
capacity of present exertion for a distant object, 
and in the thoroughness of their application to work 
on ordinary occasions. This last quality is the 
principal industrial excellence of the English people. 
This efficiency of labour is connected with their 
whole character — with their defects as much as with 
their good qualities. The majority of Englishmen 
have no life but in their work : that alone stands 
between them and ennui. The absence of any taste 
for amusement or enjoyment of reix)se is common to 
all classes. The effect is that, where hard labour is 
the thing required, there ai*e no better labourers 
than the English." Other qualities besides muscular 
strength and endurance, mental energy and perse- 
verance, are needed to make a perfect workman, 
but these are of most fundamental importance. 
In spite of all that has been lately said concerning 
the deteriomtion of tlie Englisli labouring classes, 
they still exliibit them very notably ; and there can 
be no doubt that to their substantial superiority in 
these respects over the working men of other coun- 
tries, our industrial prosperity is very lai^ly due. 
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Hanlly leaa conducive thereto have been the 
favourable armngements exxating in tliLs country 
for the employment of capital Capital, of courne, 
being, m economictil phrase, the accumulated stock 
of the pix^duce of labour in dealing with natural 
jigents, ia c«i)ital only in so far as it ia applied 
to further production. Happily for England, the 
«ftme vigour that is shown in the hi'st injstance in 
prolitable labour generally continues to be shown 
in the prudent encouragement of fresh industry by 
those into whose hands the distribution of capital 
falls. In England there is no such sepanitiou of 
dasaeft as is indicated by the French division of 
society into the patriciiite and the proletariate. The 
employers of labour ai'e usually those who, either 
themselves, or thi-ough their predecessors, have ac- 
<|uired wetilth by labour ; and where the wealth is 
not immediately employed in direct payment for 
labour, its ultimate application to that end is, for 
the most part, bai^dly less complete. Thus, there is 
oomparatively little waste or destruction of capital, 
And the stupendous gains of industry during the 
past few generations have been made eminently 
aerviceable to the further advancement of industry, 
'Diere is now an increasing and, perhaps, inevitable 
tendency for surplus English capital to be employed 
in promoting foi^ign industry, and thus the in- 
lefests of England as a rival of other nations may 
juflTer in api>eai*ance. Hitherto, however, the gain 
to Engbmd, as a separate nation, has been immense. 
The abundant we^ilth of the country, if too much 
engro8s*5tl by a comparatively small number of in- 
dividuals, has helped to enrich all, by the rapid 
extension of commerce, and the oi>ening up of new 
markets and new iit*lds of euterprise. 

To the three primary sovireea of English pros- 
perity which have been noted, othei^s, more or less 
complex, might be added i but it will suffice to call 
attention in jmssing to the beneficial effects upon tlie 
industry of the country which have resulted from 
ItA political advant.ages. It is especially to the 
industrial progress of the English people in [Mist 
times, leading to the early development of muni- 
cipal institutions, and the reoognition of indi\idmd 
rights, that they owe the overthrow of feudalism 
among them, long before the victory was gained by 
any other European nation ; and the development 
of pohtical liberty has inevitably promoted the 
i&dustrial welfiire of the country. Our commercial 
histoty shows that much injury has often been 
done by political interference with the fi^ee course of 
trade. En^rland, however, htw Buffered less tliei'eby 
th&o any of its rivals, and has often protitixl from 



the tyranny of which they have been victims. In 
the stimulus given to English manufactui-es by the 
pei-secution of Protest^mt workers in tbe Nether- 
lands and France by Homan Catholic bigots, and 
their virtual banishmeut to a less priest-ridden land» 
we have sufficient evidence of the effect of i>olitical 
meddling with a nation's industries; while the 
beneficial results of the statesman-like adoption of 
sound economical princi^jles appear in many recent 
developments of English material prosperity. 

From the foregoing brief review of the main con- 
ditions of the industrial progress of England in j>aat 
times, it will i-eiwiOy be seen what ai-e the pi-incipal 
questions to be ans weired in considering the present 
and prospective relations between England and its 
industrial rivals al^road. Our nation, very fortu- 
nately for itself, has had a good start in the race 
with foreigners. What, we have to iiiquii*e, are 
the chances of its continued pi-e-eminence, both in 
manufacturing enterprise as a whole, and in its 
various special departments 7 

As regards material resources, what risk is there 
of its being rivalled or even superseded by tlic 
unearthing or cultivation of similar natural wealth 
in other parts of the world, or by the transfei^uce 
to new fields of labour of the raw pi-oduce of which 
so large a share is stdl bmught into this countiy, 
to be manufactured into axticles adapted to the 
growing necessities and the luxurious tastes of all 
the world 1 In oi\ler to feed our factories, we have 
encouraged other countries to produce the mw 
material and send it to be wrought up by us. In 
many cases they are learning to work it up for 
themselves, or to send it elaewhei^ for manipulatiom 
How fiir are these movements likely to affect our 
own manufacturing openitions 1 

As regjirds laboiu', to what extent are any phy- 
sical and menttd advantages possessed by our work- 
ing classes likely to be neutralised, either by their 
own lack of energy, or false views of their dues 
and their duties, or by the improved education and 
social advancement of their foreign com|)etitors ? 
Is the system of trades' imions, which has in the 
main Wen thus far of great benefit both to their 
members and to the whole community, in danger 
now of lowering their capacity for useful work, 
and of encouraging them to demand Buck exoesHtve 
wages as may drive into other countries the occu- 
pations on which they depend for their maintenance 1 

As regards capital, is there any prospect a^ 
its being squandered in useless ways by those 
ill whose hands it chiefly rests, or of its being 
so extensively diverted from domestic chatmels 
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as, wliile enriching other countries, to impoverish 
England ? 

As regards l^islative and other arrangements, 
h.13 our wise encouragement of free trade, and our 
ioT the most part prudent use cf State machinery 
to foster and develop without harassing or crush- 
ing individual enterprise, instructed the people and 
the rulers of other countries in knowledge that will 



be injurious to ourselves as a nation? Are the 
rival schemes of statecraft, in relation to capital, 
labour, and the materials of trade, which are now 
being advocated, fitted to aid, or to damage, our 
industrial progress ] 

These are some of the questions to which 
answers will be attempted in our papers on Forkigh 
Rivalries. 



WOOL AND WORSTED.— I, 

ALPACA — FIRST PAPER. 

HISTORY. 

By William Gibson. 



ABOUT the year 1833 a well-known wool mer- 
chant in Yorkshire endeavoured to find a 
customer for a consignment of DonskoL It was 
a coarse, tangled, greasy sort of wool, which he 
had imported from South-eastern Russia, and 
he was prepared to offer it for sale at a very 
low figura One after another of the spinnera 
in the district tried the new material, but they 
all i^ed to make anything out of it. The 
following yeai* some of this intractable Russian 
product got into the hands of a young man who 
had just started business in a very modest way for 
himself in a small mill up a back lane in the town 
of Bradford. Notwithstanding the difficulties at- 
tending the operations, he succeeded in spinning 
and weaving the stubborn Donskoi into a market- 
able material, and, in consequence, he obtained. con-' 
siderable local renown for his pluck and ability. 
Somewhere about the year 1836 the same young 
man, in one of liis periodical visits to the wool 
merchants of Liverpool, happened to go into the 
warehouse of Messrs. Hegan, Hall, and Co., in that 
town. There he saw a quantity of long hairy- 
looking stuff which had lain about for many a year, 
and which had been hawked in vain through most 
of the wool markets of the district. Probably this 
was not the first time he had seen the material, but 
on this particular day he looked at it with peculiar 
interest. Remembering, i>erhaps, what he had been 
able to do with the Donskoi, the idea struck him 
that something might l>e made of this hairy material. 
Tlie merchiuit offered to let him have the three 
hundred and od<l bales at his own price, and with a 
sample under his arm he wended his way back to 
the inn whence the coach for Bradford started, and 
in due time i*eached his dingy little mill in Sils- 
bridge Lane. Tlie young spinner was 7?itus Salt 



The stuff he had brought with him from Liverpool 
was alpaca. So at last had come together the man 
and the material that were destined to build up one 
of the most colossal fortunes ever amassed by a 
modem " captain of industry." This new wool had 
travelled all the way from the western coast of 
South America, and Salt not only worked it up 
into a novel textile fabric, but he made it into a 
new material, founded a fresh industry, second in 
importance only to that of which wool itself is 
the staple. 

Yet alpaca was not absolutely unknown at this 
time. It was first mentioned in Europe about 
the early part of the sixteenth century. Pizarro 
and his famous co-explorers, on their return from 
their first visit to Peru, brought, among other 
articles, specimens of alpaca fleeces home with 
them, together with textures woven from this 
wool by the natives. Zarate, the historian of 
the expedition, tells the romantic story of the 
discovery of the Alpaca sheep. According to him^ 
the conqueror of Peru had been deserted on one 
occasion by many of his companions, and left on an 
uninhabited island on the coast of that strange 
land, with a few faitliful friends. Whilst exploring 
the shores of the mainland in a small boat that was 
left to them, they came to a pretty bay, with a 
convenient landing place. Leaping ashore, they 
were speedily surrounded by natives, who brought 
them food in the shape of two small animals with 
long hair, which were killed and eaten. These 
creatures were some of the native mountain sheep 
so common in the country, and the only source of 
wealth to the rude highlanders. From remote 
antiquity they had been reared and bred for their 
wool, trained to carry burdens over otherwise in- 
accessible mountain paths, and were highly priied 
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Ijecause they yielded at once food and clothing for 
their shepheitla aiid their families- Pizarro, how- 
ever, and his friends were the lirat Europeans who 
bud ever seen them. 

These South American sheep are classed by 
Cuvier the natnmlist among the CanielidcB, or 
hornless ruminants. Four si^ecies of them exist in 



either white, black, or grey, and even, sometimes^ 
though veiy rarely, brown and fawn in colour. It 
gi'ows from eight to twenty inches long, and is fine 
in texture, lustrous, transjMrent, fit*e from cmpnees, 
of gi*eat stiM?ngth, and more uniform throughout 
the fleece than our oixlinary wooi. Being soft and 
elastic, and free from spirality or curLiness, it spina 
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ath America Two of these- — the Ouanaco and 
the Vicuna^ — are wild, and two — the Llama and 
Pitcos — are domesticated. They were probably 
named camelettes because in some resy>ects they 
resiemble "the ship of the desert/' Like that 
faitliful 8er\'ant of the Ar-ab, they are bunlen- 
bearer«» hardy in their nature, and caixible of going 
long distancea without dj inking water. The best 
sorts of wool are obtained from the domesticated 
varieties, but since the gi'owth of the aljiaca 
industry, all four have been shorn of their fleeces, 
and made the aer^'ants of commerce. Hie wool is 
7 




easily, imd yields a tnie thi*ead which is not liable 
to cottmy, or adlicring to adjoining thiiead**, and is 
not injured by being kept for any length of ttma 
The Incas of South America wove this wocd |iui'e 
and simple into l>eautiftd materials, many samples 
of which have bt*en found, uninjured by the lapse 
of timo, m long-forgotten graves. 

Eiirly in the present century a flock of thirty- 
six of the*ie intei^eating animals was driven by easy 
stages of two or three leagues a day from their 
native mountain wilds to Buenos Ayres. There 
they were 8hipi>ed for Europe, with a view to their 
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^^xslimatisation in the eastern hemisphere. On the 
voyage, however, most of them died, for only eleven 
out of the flock arrived in the harbour of Cadiz, in 
the autumn of 1808. They were sent as a present 
to Godoy, " the Prince of Peace," as he was called, 
but almost on the same day as the novel cargo came 
ashore the great Minister fell into disgrace ; and so 
infuriated were the people at his conduct, that it 
was with dijficulty the strange sheep, which were 
known to be his, were prevented from being flung 
into the river. The governor of the city saved 
them, and gave them to Don Francisco de Theran, 
a famous amateur naturalist, who had a splendid 
menagerie at San Lucar, in Andalusia. When the 
French armies, a year er two afterwards, invaded 
the province, the soldiers would have destroyed 
the Peruvian sheep, but Marshal Soult interfered ; 
and Mr. Bury St. Vincent, a naturalist who accom- 
panied the army, had the opportunity of studying 
their habits. He made drawings of their appearance, 
which were, however, after waixls lost at the battle 
of Yittona, ; but he had fortunately preserved his 
notes, and a sample of the wool of each of the four 
kinds of llama, and it was fi-om a joint report 
•di*awn up by him and Don Francisco, which was 
read before the Academy of Sciences at Paris, 
that the vigonia and alpaca sheep were crossed, 
and the heaviest and longest fleeces thus obtained. 

In consequence of the prominence thus given 
to the animal, enterprising breeders were induced 
to attempt the acclimatisation of the species, and 
though in the Pyrenees, and even in our own 
oountry, the scheme met with partial success, the 
regular breeding of these sheep has not been 
generally adopted: Mr. Cross (late of the Surrey 
Zoological Gardens), Joseph Hegan of Liverpool, 
the late Earl of Derby, Mr. Stevenson of Oban, 
and Robert Bell of Listowell, are among those in 
this country who have crossed the alpaca and our 
native breeds of sheep with most success. But 
here the creature seems to miss its clear mountain 
air, and the herbage of which it is so fond. Except 
as a zoological cunosity, it cannot be said to exist 
in Europe. 

About the same time as the first flock was 
shipped from Buenos Ayres, the British troops 
were attacking that town, and they brought back 
to England with them a few bales of alpaca wool. 
This was in the year 1807. Samples of it were 
sliown to the chief wool merchants and spinnera 
in the kingdom, and attempts were made to utilise 
it, but without any encouraging results. From its 
introduction to the year 1830 no mention is made 



of a textile fabric being manufactured from alpaca 
to any extent. In that year, however, Mr. Benjamin 
Outram, a scientific manufacturer of Greetland, 
near Halifax, saw that possibly it might be made 
profitable, and he had special machinery constructed 
for spinning and weaving it into cloth. To him 
belongs the honour of having succeeded in pro- 
ducing the first marketable articles from this 
material mixed with ordinary English wool. The 
goods, however, were sold at such high prices, that 
they were little more than mere mercantile curiosi- 
ties. Outram wove the sdpaca wool into ladies' 
shawls and cloakings, but the fabrics were destitute 
of the gloss, fineness, and beauty of later produc- 
tions, and finding little profit from his venture, his 
goods, though they were eagerly bought, soon ceased 
to be offered for sala Enough had been done, 
however, to show the possibility of utilising alpaca 
wool, and other manufacturers took the matter 
up. Among others, Messrs. Wood and Walker 
spun it to some considerable extent for the camlet 
trade of Norwich ; and about the same time it was 
occasionally used in place of what is known as '^ hog " 
wool, and spun to the fineness of thread number 48. 
Its first introduction to Bradford — the place 
destined to be the future centre of its manufacture 
— came about in rather a curious way. In 1832 
some gentlemen connected with the trade to the 
west coast of South America were paying a \'isit at 
the house of Mr. James Gamett, of Clithero, who 
did a large business with that part of the world. 
Mr. Gamett suggested that trade might be in- 
definitely increased between England and Peni, ii 
the merchants in this countiy had some articles 
which might be interchanged for the raw products 
of that rich belt which boiviers on the Pacifia ^Ir. 
Gamett had heard of the alpaca wool and the 
cloth that had been made from it. He proposed 
that a few pounds should be sent to him in oixler 
that he might asceHain from his friends in the wool 
trade whether it had any commercial valua In a 
few months he received a small quantity, which 
he forwai'ded to Messra. Horsfall, of Bradfonl, on 
the 2nd of October, 1832, with a request that they 
would test its manufacturing value. Having the 
exi>erience of Mr. Outram and others to guide tliem, 
the Messi*s. Hoi-sfall set to work, and out of the 
alpaca made a piece of cloth resembling heavy 
camlet. This piece was shown to Leeds, Bradfonl, 
and Manchester merchants, but the price they 
were obliged to ask for it, and the unpromising 
ap|>earance of the cloth itself, caused them to decline 
to have anytliin;; to Jo with it 
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Tbeie y&riaufl exi^arimentS; however, had one 
gi*iittf}'ing and uaeful result. They called the at- 
t^'ntion of importers of wool to new and Btrange 
nmterialfi, some of which might be found to suc- 
ceed as products of manufiictiire. Amongst the 
ettrliest to discover the possibilitiea that lay in 
aljjuca, were the Messrs. Hegan» Hall, k Co., of 
IiverjM>ol, who, in oixler to meet the demands of such 
pioneers in the new ti-ade as were exi>erimenting 
with the material, directed tlieir correspondents in 
Peru to ship over paix^els as ordered, About the 
same time as the Messi-s, Horsfall were opening the 
private paroel forwarded to them by Mr. Garnett, 
otlxer spinneiB were trying what could be done 
with mixtures of woi-ated ajxd alpaca. Hitherto 
all the attempts had faUed because wool was used 
for war}), and it was thought alpaca might yield 
better results with worsted. Tlie kind of goods 
now made were figured as in union damasks and 
kindred materials, the flowers being raised in 
alpaca on the worsted ground. These fabrics, 
howeoer, were in vogue only a sliorfc time, and 
as they did not suit the public taste, their manu- 
facture was soon abandoned 

Buch, then, is the history of tlie alpaca manufao- 
tttpe in this country up to the year 1B3G, when 
young Titus Salt made his memorable journey to 
lirerpooL Having brought home his not very 
promising sample of al|jaca, he at once applied 
all his energies and knowledge to solve the pixiblem 
of working it into a saleable cloth. Nor was the 
tank an easy one. The length of the wool pi-esented 
the initial difficulty, for it rendei-ed the ordinary 
comT>ing apparatus practically useless. Si>ecial 
machinery had, therefore, to be made, with teeth 
very m\ich longer than the old hand combs, which 
up till that time had almost exclusively l>een used 
in the Bradford district. Titus Salt was not a man 
to be easily thwarted lu any enterprise, and the 
more he eacpemiiented the more he perceived the 
value of the material with which he was dealing. 
Old Bradfordians know the stuff of which the 
great manufacturer was made, and some still aHve 
ai'e able to rememlMrr how the dingy little office of 
tlie small miU in Silabridge Lane was to be seen at 
nights lighted up houi*^ after the other jiortions of 
the btiilding were ^lii-oudecl in darkness. The reader 
can ^ncy that the young Inventor was then busy 
with his newly-found aljiaca, and that, baffled and 
defeat^^, he still climg hoi>efully to his purpose. 
Doubtless, too, in the coui-^e of his weary vigils, 
descriptions of those be4uitifnl fabrics that had 
been woven ages ago by the ancient lucas Launted 



his fancy. Compared with the pi*oduct« of the- 
Peruvian makers, English effoi'ts so far bore tho 
same relation in regard to fineness of workmanship 
that coarse sacking does to the most delicate French. 
cambric; and he knew that unless he coidd far 
outstrip the rude residts of the Outrams, the Hors- 
falls, and others who had been first to engage in 
the new trade, he was doomed to the same dis- 
appointment that had overtaken them. But defeat 
was a woi-d unknown to young Salt, and he held 
bravely on. 

Three things had bee^ appiu^nt to him from 
the outset as necessary to bring the new material 
within the means of the ordinary' consumer. These 
were— first, the preservation of the natural glosa 
and beautiful colours of the wool as it gi-ew on the 
hack of the sheep; secondly, its successful admixture 
with some easily obtainable and cheap thread ; and,, 
tldrdly, the construe tion of such machinery as would 
lower the cost of pi-oduetion by rapidity of manu- 
facture. Hitherto Bmdford had been satisfied with 
oltl'fashioned implements. Combing, spinning, and 
weaving by hand wei*© still common, and tliere was^ 
a natural prejudice against the introduction of ma- 
chinery to mills and factories. A stniggling manu- 
facturer himself, the outlay of a few pounds was & 
serious thing to Salt, and should he faO it might 
prov^e still more disastrous. However, machinery 
of some sort he was forced to ha%T, and that by 
which he ultimately succeeded in making alimca had^ 
in the first instance, to be dasigned, if not nuule, 
by his own h anils. It was out of the question to 
contemplate manufiicturing alp:ica pure and simple, 
and at first he experimented, as his predecessoi's had 
done, with an ailmixture of woollen and worsted 
warpQ, as those best known, and most accessible to 
him. He soon saw, however, that neither of these 
was fitteil to mix with th^ delicate fineness of the 
alimca, and for a time his venture was at a stand- 
still At last the idea struck him that cotton might 
answer his purpose, and tremblingly he tried it. 
Already he had spun his sample into l>eautiful 
threatls, which lookeil glaringly out of [tlace with 
unequal wool, or the more jagged worsted. When 
tried with cotton«warj> of a corresponrltng fineness, 
the alpaca weft made a beautiful cloth, and the 
problem was so far solved as to warrant his taking 
a decided step. Tliough he had discovered how 
to utilise the raw material, he was yet without the 
means of taking full advantage of the knowledge^ 
and ht^ was so far only on the tlireshold of suooesa 
Howe\'er, the first thing to be done was to buy the 
wool that lay stored in the warehouse of ^lessrs. 
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Hegan, FFall, and Co., at Liverpool. For that 
imrjjo&e he scmpeil together every jjenny he could 
fijiiire from hia alre^idy nipidly -growing business, 
borrowed the rest from his friendg, u.nd wrote to the 
Liverpool merchants that he was willing to take all 
the alpaca they had in stock at Sd. [)er lb. Messrs. 
Hegan and Co. were only too glatl to get rid of 
their cumbrous consignment at any price. The 
whole tliree hundred and odd bales were Boon 
spun and woven^ and alpaca of a saleable sort was 
for the first time ready for the English market. 



perfection in the earlier that there iB in the Uier 
products of \m looms. But even such material aa 
he was then able to ofier to the public caused con- 
siderable stir in the markets and shops of Leedi^ 
Manchester, and London, and speedily the demand 
for it grew apace. It was the very thing the iadie^ 
hail been looking for — a fabric cheaper than silk, 
yet I'esembling it in glossiness, showy and elegant 
in appejirance when made up into drefiseSy and though 
perfectly fit for summer wear, yet more durable 
than anything they had hitherto seen. 
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Here, how0?er, a &etk difficulty started up. It 
was not everything to make goods, as Titus Salt 
found. Defilers had been bitten before with fula-ics 
from the same sort of wool, and they were shy of 
buying. The merchants of those days luui to deal 
with a public l^s eager to leap at novelties than 
that of our own time, and the consequence was that 
the new goods hung on their hands longer than 
they liked. Salt, however, had faith in his alpaca, 
ami foriMiaw that it would l>ecome a favourite with 
the ladiea Traders might sljake their Iieads, and 
the public shrug its shoulders, but he saw farther 
than tliey did, and he at once set about perfecting 
his machinery and firoviding for a regular supply 
of the raw mate ml at as cheap a mte m possible. 

There wa*, of oourae, nothing like the beauty and 



Very soon Mr. Salt was obliged to remove from 
the small mill in Silsliridge Lane into larger works, 
and the ball of foi^tune^ once set rolling at his f«!t, 
daily gained in momentum. The young manufac- 
turer, at the end of 1840, was already on the high 
road to success. Comjjetitors sprang up on all aidfls» 
but those goods with the bnmd '* T. S. *' were alwayi 
the best, and tin? original maiiulacture holds a proud 
pre-eminence in the tnuie up to the present homr* 
Indeed, the brand "T, S.'' hatl then, and raUins 
still, a monopoly in certain sort« of alj^aca gooda. 

With the development of the indtistry, tlie aumber 
of manufacttirers has mtiltiplied, and as the sttpply 
of the article has increased, the demand for it hai 
proportionately in j fomented. But for all prncticid 
pui-poses it may be said that the history of the alpaoi 
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trade centres in the firm wliich first macle it popular, 
and that a deacription of the works at Saltaii-e wQl 
t>e an exposition of the beat and most Buocessfid 
processes of ita manufacture. We shall, therefore, 
eluefly ooniine oui'selvea to that remarkable alpaca 
town which has sprung up witliin a few miles of 
Bradford, the works of its creator, and the processes 
hf which the raw material is convei"ted into the 
marketable fabric. The growth of the trade will, 
however, be most easily set forth by a plain iin- 
vamiahed statement of the quantities of alpaca 
imported into this country during various years 
since Messrs. Regan, Hall, and Co. first dtfi|>osed 
of their stock to young Titua Salt The total 
quantity of the wool impoi"ted into England in 1837 
was, in round numbers, 570,0001b. After a lapse of 
ten years, the quantity had increa-sed to 1,500,000 lb., 
and in 1854 it had risen to no less than 2,300,0001k 
Coming down to the ycai- WH, nearly 2,800,0001b. 
■ were brought into this country ; but this com- 
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paratively slight advance may be accounted for by 
the general depression of tnide caused by the war 
in Americii. In 1872, however, the importation 
had leaped to 3,878,7391b., in 1874 to 4,186,381 Ik, 
and in 1875 to 4,600,0001b, In 1 876 Just forty 
years from alpaca coming into geneml use, as much 
as 6,000,000 lb. must have reached oiu" shores from 
South America, Northern Hindostan, and the other 
sources of supi>ly in diJferent parts of the globe. 
So that to-day, for every 51b. of alpaoa formerly 
used by oui* English mauufacturera 1,0001b. are 
now workeil into various textile fabrics. The price 
per lb. in 1836 was, m we know, 8d., but in a year 
or two it advanced to Is, per lb. ; in 1856 it was 
worth about 2b. Gd. ; and at present prices range 
from 2a. lOd. to 38. per lb. Notwithstancliog this in- 
crease of price, however, alpaca stuffs ai^ cheaj)er in- 
1876 than they w^ere in 1856, and, of coui-sej offei-i^l 
for infinitely less than tlie price per yjuxl which 
was obtainable for them twenty yeans previously. 
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THS BLAST FUBNAOE, 
By Wcllmm Duns as 



SINCE tlie introduction of the hot blast, the 
preliminary process of ailcination of the ores 
has been greatly abandoned, and is only earned on 
when they contain an excessive amount of carbonic 
acid, water, or volatile matter which may netni to 
be driven off by " roasting." Ovens biult for the 
purpofie are the best means for domg this; but 
practically the roasting is generally perfoimod by 
mixiiig large heaps of coal and h^on ore in the open 
AIT, and allowing them to burn themselves out In 
Scotland, the black-band und clay -band ironstone 
ores are so full of coaly matter that the roasting is 
carried on with little or no additional fuel. If we 
now take the niateiiala already referred to in con- 
nection with the hotrblast furnace at the Coltness 
Ironwork^ viz., coal, calcined ironstone, and broken 
limentone, we shall see wliat goes on in the funiace. 
A great many elaborate exjieiiments have been 
made by distinguished chemists to discover the 
exact nature of the changes which go on in the 
frrooess of smelting. So long ago as 1845, Messrs. 
Bimaen and Playfair refH)i*ted the result of their 
investigations on this subject to tlie British 
AflBociAtion. In order to detei*mine these, the 
furnace wa« divided into zones » from which the 
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gaaes were extracted by means of pipes made of 
malleable iixin, wliich were allowetl to descend into 
the furnace along with the gradually descending 
materials of the **chai-ge." In these exi)eriments 
the gases could not be collected at a dejjth lower 
than the top of the boshes, but Mr. Ebelman, l>y 
boring through the masonry only thi-ee feet and a half 
above the nozzles or " tuydi-es," obtained gases which 
were conveyed and collected partly through porce- 
kin tubes and jmrtly through gun barrels lined with 
porcelain. As these experiments deal with the 
furnace during diiferent jieriods from the time of 
charging, and with difieix^nt kinds of fuel, they are 
somewhat beyond the scoi>e of the present paper ; 
but we may give Mr. Ebelman's conclusions drnwn 
from his investigations upon a furnace which was 
fifty feet in height. Tlje air thrown in, according 
to his olisen^ations, prmluces successively carbonic 
acid and carbonic oxide at a small distance from 
the nozzles ; the former attended by a disengage* 
ment of heat, the latter by a re-aboorption of the 
princi[)al part previously disengaged. Tlie ascend- 
ing cuiTent of carbonic oxide and atmospheric 
nitrogen produces these effects: it heats the de- 
scending column of minerals, it becomes charged 
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bedi*. By long practice the collector knows by the 
souatl of the pole aa it strikes ground whether or 
not there is ore on the bottom ; and when he dis- 
covers it, he stakes off' his ** claim " with pegs driven 
into the ice ; and to this he hiis a legal right, Wlien 
he hiis fixed upon the sc«ne of his future opemtiomj, 
he tnakea a hole, about three feet in diameter, on 
the boundary of his " claim," and through this he 
paiaes a sort of sieve fixed to the end of a pole, 
which rosts on the ground. By means of a rake 



attribut€^d them to the sedimentary deposits wsiBbef]^ 
do^Ti into the lakes by rivers from the surrounding 
coimtry. But Mr. Sjagreen, who wrote an aooount 
of these curious ores for the Exhibition of \BC2 
belie veil that they are of infusorial origin. If 
be the case, iron beds might be planted in otha 
lakes than those of Sweden, in conditions favourabb 
to the growth of the anhjuxl^ytdct that build tlie 
up. In I860, according to tlie Swedish Board 
Trade Rei)ort, published In 1861. there were 22.0t><r 
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about two feet hroad^ secured to a long handle, he 
collects the ore into a heap, and then with a smaller 
mke he fills the riddle which is then pulled up, and 
has its contents emptied \k\iovi tlie ice, Fhe ore 
1ms afterwards to be wivshetl and freed as much 
as IJOHsible fmm the mud and other impurities 
f which adhere to it In the province of S veal and 
this industry gives eniplo\'ment to a great many 
|)eopIe during wintor^ and a skilful man can ool- 
rlect from half a ten to a ton of oi^ in a day. The 
f thickness of these beds of ore varies from eight U> 
Inrty inches, and after being exbauste^l they are said 
to be renewed m alxait twenty-five yeai-s. Thei^ is 
■ome difference of opinion as to the oiigin of these 
b©da of lake ore. Tli© most plausible theoiy to 
aooO'UJit for them would, of coui'se, be that whieli 



tons collected from the lake l>eds in the 
and laborious fashion just described. Owing to \ 
inaccessibility of the country, the iron industr 
of Sweden are canned on under greiat difficult 
and in many districts it Is necessary to wait I 
frost has provided the means of sledging tti < 
convey the fuel to the furnaces* It is not citily i 
the purity of the oi-e and the funl that th»' - 
ironmaster keeps tlie leml in the (|iiality oi 
he protluces; in every point of the manuliiciure i 
is most cai^ful and conscientious, If any injurio 
Riubstances are combined ^-itb the orea, thry 
thoroughly got lid of by roaating them li«*fore the 
are put into the funiact*. The smelting in son 
districts being couductetl on a lai^e acaltv thr capital 
of any one [proprietor of minends or foreiti ia i 



tstiiagAeD i 



58 



GREAT INDUSTRIES OF GREAT BRITAIN. 



iasufficient to carry on the buBiness, ftiid so mine 
owners combine to bliare tlie exfJt?nse of construct- 
ing smelting works. In thiii way it often Imppena 
that a bltist furnace is very much in the position of 
a runil mill, to which people send their corn to be 
ground, and ores and fuel which are the projjeity 
of seyertil persons are often melted in the same 
furnace at the some time, the products being shared 
in the proportions in which the raw materials were 
supplied. The imijortance of the ores of magnetic 
oxide of iron depends not so much on the large 
quantities which exist as the valuable nature of the 
manufactured iron which is obtjiiJied from them. 
Here we may remai'k that it is in this class of ore 
tliat the mineral wealth of Canatla, already referred 
to, consists ; and as immense fields are found in the 
United States, the«trans- Atlantic supply may be said 
to be almost inexhaustible. In England this kind 
of ore only occurs very rarely, though it has been 
found at Dartmoor, in Devonshire, containing 57 
per cent, of iron. 

There is no scientific classification of iron ores 
based u|Jon any principle of chemical analogy, but 
those of the next im|x>i*taDce to the magnetic 
oxides are the hsematltes, which hirgely abound in 
Oreat Britain, and have within i-ecent years been 
greatly inci-eased in value by the inti-oduction of 
tha Beesemer process of manufactunng steel , for 
which they are particularly adapted. They are 
further divided into the two clitases of red and 
brown haematite. The red kind usually occui*s 
in the strata of rocks known as the carbonifei-ous 
limestone^ and varies in api>eanince, being sometimes 
hartl and compact, with cavities limxl with cryst^ils 
of quartz, as at Cleaton Hoor, iu Cumberland ; but 
geneiully soft and unctuous, like the d4brU of bricks 
that had fii-st been softened in some way and then 
beaten do^*Ti till the hirgest lumps were about the 
size of a strong man s fist. It is piinci pally found 
in Cumberland, but it also exists in Lancashire and 
Gliunorgiuishire. It is most frequently met with 
under grouuil, but sometimes it lies on the surface. 
In CumVKjrland, the veiy finest description of this 
valuable ore i« found in lieds 15, 30, and even 60 
feel in thickness, and within a few years has raised 
that county to the f»oaition of one of the wealthiest 
in the kingdnm* The brown hrematites ai-e gene- 
rally of an eaithy appearance, and of an ochre-brown 
cfilown Tljey exist in great quantities in the 
Parent of Dt5an, and also in Northamptonshire and 
Stailbrdshii-e. A Wd has also Wen discovered in 
Irt'liuid, in the neighbourfiood of Belfast. They do 
not contain nearly tk> muck ii'on as the reel hiematite, 



the average samples showing about 40 per cent. 
In some parts of Devonsliire the ore is ground do' 
in mills constructed for the purpose, and beini 
mixed with linaeetl oil^ imikea a capital pigmeni 
which is especially useftd for painting ircmworl 
Both brown and i-etl hiematite ores are at preseni 
being imported to a lai^ge extent into this countrj 
from Spain. 

Within a comparatively recent period a v( 
intei-esting species of ore has been worked in 
England, called spathic, or sparry carbonate. It is 
an oxide of iron, like all the others, but contains 
a large percentage of carbonic acid, along witb; 
a suflicient quantity of manganese, to give 
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peculiai" properties w^hen smelted at low temi 
tures. It produces the same sort of iron as that 
which is known in Germany as splegelei^en^ and 
. represents one of those puzzling combinations of 
ixxjE with carbon, about which the chemists seem 
quite unable to agi-ee; it has a beautiful whii 
mirror-like fracture, and though apt to bum awa 
very rapidly in the j>ix)ce8s of ** pudtlHng,*' when^ 
being conveii/ed into malleable iron, the quality of 
the metal obtained is very fine. Spiegel^U^n^ 
applied to the manufacture of iron and steel, 
been the subject of numberless patents, one 
which was taken out by 31i*. Roliert Mushet, 
IS.tG, This patent afterwartls apj*eared to be 
immense pecuniary value, but was abandoned 
the third year, so that the discoverer of the {ii 
reaped no advantage ; although afterwanls greati 
employed in the Bessemer process, being mixed 
a molten state with the ^* charge " to prodaoe a 
defiidte amount of cai'burisation after the whole 
carbon has been removed. Space Horn not pemtit 
of our giving any elabomte account at pn*eesit of 
the distribution of these ores over the continent of 
Eui-ope, where they occur in great quantities, moi* 
especially in Westphalia and Styiia, wheiie tbft 
trjmt/eieisen is piincipally made, so we wiil conclude 
with a short description of by far tlie hii^eat liiHi 
dejiosit of Great Bntain. This is the argiUaoeous, or 
clay and black-band imustone of the coal'measurci, 
and the geological formation known as the OuUtts 
and Lias, It occui^ in such qiuintities, and in sudi 
close proximity to the fuel necessary for smelting it, 
that it has altogether altered — we might almost say, 
begiimed — the face of the country in the neighl»owr' 
hood of its manufactiure. As most folk^ know, ii hsA 
given to a gi<eat jMirt of Stafibrdshire tlie nea^ ol 
the Black Countr}'. Mr. Jukes, in sfj»eakixig of tlie 
iron oi-es of South Staffoi'd shire, says, ** In no other 
coalfield of the United Kingdom is a Mn<^ktM»iff of 
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30 ft. of coal to be found together ; while in Soutli 
Stiiffordsliii-e twelve or thirteen beds of coal i-est 
one u^x^n another, with but veiy light partinga of 
shale V>etween them ; and I believe the quantity 
of ironstone to be found in this district within a 
vertical space of 100 or 150 yards is greater than 
is known anywhere else." In the DerV>y shire coal- 
field, these valuable de]K>«itH occur in great abujid- 
AQcef and besidee forming the great mineral wealth of 
Scotland, firom which the princely fortunes of the 
Bairds and othei's have been accumulated, tliey are 
worked to a great extent also in Yorkshire, War- 
wickshire, Worcestershire, and North and South 
Wales. At one time they were melted in Sussex, 
and beds of them may bo seen in the cliffs near 
Hastings. Dr. Price states thai he has seen truck- 



fuls of this ore at the Ebbw Yale works, which 
had been di^lged up from the sea, off the coasi 
of the Isle of Wight, and sold at Cardiff at 10a. 
per ton. 

The fuel necessary for smelting the other oi^s ot 
this country has to be tarried to the ores, or the 
ores to the fuel. But in the case of these argil- 
laceous oms, there is not only an ample supply of 
fuel, and genenilly of limestone flux, for the pur- 
poses of smelting and manufacturing them, but, ft» 
if Nature could not be sufficiently boimtifid, she 
has mixed up with the ore itself a sufficient amount 
of carbonaceous matter to admit of its lieing roasted 
and freed from many of its impunties with the aid 
of little or no additional fuel l>eyond what is attached 
to it a» it comes fmm the mine. 



MODEL ESTABLISHMENTS.— I. 

MKSSRB, JOHK FEKN AKD SONS, MARINE ENGINEERS, GREENWICH. 
Bt Bobsrt SurnKS. 



A NUMBER of important conditions should be 
comt>lied with to entitle a lai-ge industrial 
ooncem to be designated a model establishment. 
Among others, a compact site should be chosen for 
the works, rectangular by preference; convenient 
arrangements for consecutive processes ; macliine 
and hand tools and ap|>liances the best of their 
kind for the operations undertaken ; abundant 
tight and ventilation. Among other than physical 
ooinditionB, the relations between employers and 
employed should be marked by reciprocal gixwlwili 
and thorough cordiality. Another re<piisite, supple- 
mentary rather than essential, should perhaps he, 
that the establishment is the foremost of its kind, 
or 8ui generis, Messrs. John Penn and Son's works 
conform to all of these conditions pxce|>ting the 
first, of which more anon. In those works are made 
most of the largest and best marine envies any- 
where produced, and throughout the world the 
name of John Penn is more than favourably known 
among engineers and navigators. 

The works consist of two large establishments : 
fiBUe in which the engines are designed, the se}>a- 
■^^Ete parts prodiical, and the whole constnicted, or 
** fitted "; the other, or " lower shop," in which the 
lioiJei's are put together. This paper I'ektes to the 
engine works, of which we give a fwe Kketch-jjlan, 
from which it will lie seen at a glance that tlie works 
do not comply with our first couilition, as to compact- 



ness or rectangular form. The in*egidaiities of form 
and ari-angoraent are attributable to the simple fact 
that the extensive works, which now occupy alx^nt 
seven acres, are accretions vj|K>n a small germ ; plot 
having V>een added to plot, as they could be acquh'ed, 
to meet the growing exigencies of the business. 

It may be well to refer briefly to the gi-owth of thfi 
world-wide reputation of the firm. It was founded 
about the beginning of the centiu^', by Mr. John 
Penn, grandfather of the present worthy bearer ol 
that name. He was a man of I'emarkable natural 
and acqnii'ed ability^ anrl, inter alia, a keen jwliti- 
cian, and friend of William Cobl>ett ; indeed he was 
a candidate for the representation of Greenwich at 
the jMirliameutary election that fullowed the passing 
of the Reform Bill in 1832. From his savings as 
a workman he purehasetl a property in Gi'eenwich, 
built a smith's shop, and commenced business in a 
small way. His first important work was the 
execution of a large contract with Govemment for 
machifieiy and apjMirutus for a bakerj' at the Dept- 
ford victualling yard, which he eomj^leted to the 
entire satisfaction of the authorities. 

Mr. John Penn, his son, who in 1874 retii^ 
from the finu, had a strong natunil l>ent for me- 
chanical piu-anits. He willingly accepted his fatliers 
tutelage and training, and wlicn still a comparatively 
young mnn l>ecanu% so to si)eak, his father's right 
hand. It was during the reign of John Penn 
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aecundus, and very much owing to his inventive 
skill and constructive ability, that many marvel- 
lous improvements were effected in the machinery 
of marine propulsion. In his time, and in the 
works of the linn, engines of all gi*ades arid powers 
were designed and erected. A list of the vessels 
fitted with engines by Messre. John Penn and Son 
would occupy more space than can be simi-ed, and 
would be only dry reading ; but the starting-point in 
their career as renowned engine buildere demands a 
woi*d of i*efei*ence. In 1 836, a number of boats, built 
on very tine lines by Mr. Ditchbum, were put upon 
the Thames to ply between London, Greenwich, and 
Woolwich. These were fitted by Messrs. Penn 
with oscillating engines, that proved themselves in 
all respects gi*eatly superior to those on the side- 
lever principle. The royal yacht-tender Fairy was 
built on the same pattern ; her engines, of the same 
ty|>e, were fitted by Messrs. Penn, who also ap- 
plied the screw proi)eller to the Fairy, which was one 
of the first vessels in Her Majesty's navy fitted with 
this kind of machinery. Among the first of the 
ships of the navy fitted with their improved oscil- 
lating engines, by Messrs. Penn, were — the BUick 
Haylcy the Sphynx, the Bansliee, and the royal yacht 
Victoria and Albert ; also the renowned Australian 
liner Great Britain, and many other ships for the 
navies and mercantile marine of various countries. 
These engines proved equal in power, although of 
only about half the weight of those constructed 
upon the side-lever principle, and some of the ships 
attained ujiusually high spee<ls. 

The engine works show, externally, large surfaces 
of roofing, and long i*anges of wall, but they have 
no decorative elevation, certainly no grand fa9ade. 
The entrance used by the heads of the firm, managers, 
clerks, draughtsmen, foremen, <kc., is at the junction 
of John Penn Sti-eet with Lewisham Road. Tliis 
entrance is only a few yards wide ; from it the 
natural contour of the ground dips by a rather steep 
incline. Passing through the outer door and down 
a few steps, a hall is reached, with on each side 
ninges of well-lit offices, and counting, model, wait- 
ing, and other rooms. Over all these, on a first 
flcwr, is a large drawing office, admirably lit, partly 
from the roof. In this part of the premises, marked 
o o o o o in our sketch, the initiatory steps are taken 
in connection with every engine or boiler produced 
by the firm. On the ground floor, the " interview- 
ing " and the corresj)on(lence, of a ix)lyglot character, 
that prece<ie orders or contracts, are conducted. 
Preliminaries settled, the work is |)assed upstairs, 
where complete drawings and specifications are 



prepared by chiefe of departments, in ooncert with 
the heads of the firm. Fi'om the finished dedgn^i 
working drawings are made, showing in exact [nx>- 
portions the minutest details, down to rivet and 
bolt holes. These drawings are passed to the hearl 
foremen in the different shops, who are responsible 
for the production of the numerous and varied parts 
that are to be brought into harmonious combination 
in a vast and complex machine. With the distri- 
bution of the working drawmgs among the foremen, 
the actual manufacture of the engine may be said 
to begin, and will give full sco{)e to watcliful over- 
sight and skilled work. On the inner edge of the 
office hall other doors and a flight of steps give 
access to the erecting shop and heavy turnery, and 
from it to all other parts of the works. 

Reverting to our sketch, it should be mentioned 
that the entrance for the workmen is by a wide 
gateway (G^) in John Penn Sti-eet, where the 
timekee])er has a lodge (b). This is also the prin- 
cipal entrance and exit for raw materials, and for 
finished work. A powerful weighing machine (a) 
is placed within the gate, upon which the loads are 
weighed when necessary. The gateway referred to, 
it will be seen, affords ready access for pig iron to 
the foimdry, malleable iron to the smiths' shop, 
timber to the carpenters*, and materials for the 
different departments. For the convenient trans- 
port of raw material and of work in transitu^ the 
passages between the shoj^s, the yards, and the 
principal shops are traversed by tramways, with 
turn-tables at the intersections. 

In the consecutive processes of manufacture the 
pattern maker takes precedence; and it will be 
seen that the pattern shop is withm easy reach of 
the brass and iron foundries, to which the pattern 
maker's work leads up. The pattern shop, a laige 
rectangular building, is the only one in the works 
of three storeys. The basement is a store room, 
the principal floor a turnery, and the first floor 
a pattern shop, with pattern stores in the roof 
Tliere is a second |)attem makers' sliop above the 
larger turnery. These shops present a brighter 
and a more attractive as])ect than some of the 
others, being free from clangour, and extremely in- 
teresting from the careful exactitude of the work 
done. Adjoining the large pattern shop is a 
spacious wood-working shop, and covered timber 
stores, the latter containing valuable stocks of 
mahogany for the casing of cylinders, and of lignum 
vitfiB for 8crew-pro|)eller tubes. The cai-penters* 
shop is well supplied with saw benches, planing 
machines, and other wood-working tools. Th* 
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pattern stores are vast and varied in their contents, 
being an accumulation of all the patterns produced 
by the firm since they commenced to make marine 
engines. A cata- 
logue of these KtNT WATERWORKS 
would be a valu- 
able contribution 
to the technical 
history of steam 
navigiition. 

The smiths' shop 
is on a large scale^ 
and contains as 
many as sixty fires. 
These are served 
by a powerful blast 
worked by the en- 
gine, and are fitted 
with tuyeres of 
the most improved 
Idnd. This shop 
is furnished with 
one machine for 
shaping hot metal, 
and another for 
sawing hot bars. 
It is supplied with 
cranes and five 
steam hammers, 
equal to dealing 
with such forgings 
as ai*e turned out, 
none of them being 
of extraoixlinaiy 
weight 

The foundry is 
also another weird 
temple of Vulcan, 
in which much of 
the work done is 
upon a large scale. 
There are four 
cupolas for iron; 
the pots for the 
largest castings 

containing 15 tons eacL This part of the works 
is served by five cranes, made by the firm, 
that are capable of lifting or lowering 50 tons 
each. They are so placed as to command the 
whole area of the foundry. In the course of a 
week 150 tons of metal are occasionally run. At- 
tached to the foundry is a department for brasswork, 
with furnaces for i-unning brass and gun-metal. 
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The castings in this department also are occasionally 
very heavy. The gun-metal bosses for some of the 
larger screw propellers, into which the blades are 

fixed, weigh, in 
Co.'S Property. some instances, as 

much as 7 and 
8 tons, and the 
blades more than 
5 tons each. The 
screw-shaft tul)e is 
also of gim-metal, 
and in some cases 
reaches to 30 feet 
in length, the an- 
nular thickness 
being about 2 
inches ; these are 
not, in the cate- 
gory of brass- 
foundry, " small 
work." Tliesci'ew- 
shaft tubes are the 
invention of Mr. 
John Penn. Tliey 
are cast with dove- 
tailed grooves, that 
are fitted with bars 
of lignum vitae, 
upon which the 
shaft revolves. 
This hard, olea- 
ginous wood is 
found to furnish 
an excellent and 
durable bearing. 

Tlie smaller tur- 
nery, a long and 
comparatively nar- 
row shop, is an 
interesting depart- 
ment, containing 
many excellent 
machine tools, in 
lathes, planing, 
slotting, shaping, 
screw-cutting, drilling machines, &c. Among the 
other curiosities in tools is the so-called " Jack-in- 
the-box" planing machine. The distinctive pecu- 
liarity of this invention is, that the cutter reverses, 
and attacks the metal as it travels in each direc- 
tion. The cut is about a third of the width of 
an inch tool. A machine in the same shop is 
specially designed for radial cutting ; and can 
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take work of as much as 13 feet radius, in 
sections of about 5 feet. This shop has shaftr 
ing in motion from end to end along each side, 
and, as in all the other shops where heavy- 
weights of metal have to be moved, is abundantly- 
supplied with well-placed, powerful cranes. Here 
one of the smallest of engines was made ; it was of 
, 8 horse-power, with a 9-inch cylinder and 10-inch 
• stroke, and was for one of the somewhat unpopular 
craft known as steam launches. In strong contrast 
with this tiny machine are the engines that are 
building in the works, or that have been built 
for the Encounter frigate, the Black Prince, Achilles, 
Minotaury Nort/iumberlandf UerculeSf Sidtan, De- 
vaetationy and the yortliampton ; for the Kaiser, 
Deutschlandy Independencia, and many others, or- 
dered by our own and foreign governments, some 
of these engines being capable of working up to 
8,500 horse-power. 

The destination of the greater part of the work 
done in the various departments is the erecting 
shop, where the masses of metal are to be brought 
into shape, and put together. This great room is 
grand rather than picturesque. It has a i-oof 
in four bays and a lay-to. The height to the 
gutters is about 35 feet. The roof, which is 
of iron, has on each side of the ridges bi-oad 
belts of glass, which amply light the great area, 
that has dimensions, in round numbers, of about 180 
feet by 150 feet. The roof is supported upon ranges 
of strongly-strutted wooden uprights. The structure 
was erected over another fitting shop, that was not 
unroofed before the new one was ready to cover the 
space. In this shop great weights have to be 
moved in various directions, and it is, accordingly, 
well supplied with machinery and apparatus to 
meet this need. It has two lines of tramway 
that communicate with the foundry, smithy, and 
other parts of the premises. It has numerous 
steam and hand swing ci-anes, and twenty overhead 
travelling cranes, each of which can transport 
any mass for which it is equal, from one point 
to another, within their own bays respectively. 
The ti-amway facilitates change of. ])lace, when 
required, from one bay to another. Many of the 
most remarkable machine tools in Messrs. Penn's 
works are to be seen in this shop. Some of these 
exercise great power, others are delicate in action ; 
some are eccentric, others dii-ect ; but whether 
eccentric or direct, they are uniformly precise in 
their operation. Not a few of these machine tools 
are by the most noted makers, but the best in the 
works for special purposes have been designed by 



members of the firm, or by men connected with it^ 
and are not protected by patent 

The sights and sounds with which he is assailed 
in such a great Cyclopean workshop as this, are 
somewhat distracting to the unprofessional visitor. 
All around him is dead matter — to use a sole- 
cism — ^in a state of activity, matter dead in itself^ 
but quickened and controlled by human intelli- 
gence. Extraordinary tools for such extraordi- 
nary operations as are carried on here may be 
naturally expected, and the expectation is not 
disappointed. 

Sacrifice of height in the engines of ships of war, 
so as to bring them low in the hiUl, necessitated 
• either diminished stroke and loss of power, or 
the introduction of cylinders of much enlarged 
diameter. The manufacture of the double-trunk 
engines necessitated new tools, new modes of work- 
ing, enlarged plant, and, generally, means and 
appliances for working large as well as smaller 
masses of metal with precision and rapidity. The 
visitor cannot fail to be impressed by the enormous 
weights of metal he sees in all directions ; arms of 
engine-frames weighing 27 tons each; crank-axles 
weighing 34 tons as they come from the foi^; 
cylinders of 12 feet diameter; bosses, blades and 
tubes, of gun-metal for screw propellers, weighing 
in all nearly 40 tons; with other parts in 
like proportions. Nor can he fdl to be struck 
by the correspondingly vast dimensions of the 
machine tools that have been invented to bring 
these masses of metal into exact form, and by their 
majestic performances. The successively improved 
forms of marine engine introduced by Messrs. 
Penn — the oscillating, the double-trunk, the com- 
pound, and, last, the '^ John Penn and Sons' three- 
cylinder compound expansive engine" — ^have finom 
time to time stimulated to the production of new 
tools with extraordinary powers, and to the adoption 
of methods of manipulation before undreamt of 
Amongst these wonderful machines there is a lathe 
with a chuck to take work of 12 feet in diameter. 
By adjustment of the straps upon the different oones^ 
and other means, eight different speeds can be given 
to the machine; the larger the diameter of the woik, 
the less the speed attained. A planing machine in 
the shop would have for its maximum work a job 
8 feet wide, 8 feet high, and 18 feet long. A boring 
mill, designed and constructed by the firm, produces 
a true internal surface upon cylinders of 12 feet 
diameter. 

A principle that has been kept in view by 
Messrs. Penn, in the construction of their engines 
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— maiiimim results from mimjnum weight and 
exercise of power in attaining them — ^is illustrated 
ill some of their new machine tools. So it is 
with their vertical pLining machines, in which the 
ordinary method is i*e versed. In tlieae tools the 
work remains stationary, and the cutter moves — 
Mahomet is brought to the mountain, not the 
jDOuntain to Maliomet A boring machine for 
drilling the tube-plates of coudtinsers is also a 
very clever tool The bast |>os5ible machinery for 
this work is obviously of the utmost imix>rtance, 
ftom its quantity. Some of the large engines 
produced by Messrs. Penn have in the condensers 
7,000 tubes, aggregating 20 miles in lengtli* 
The most remarkable machine in this theatre 
of mechanfcal wonders is one that has been in- 
vented and made by the firm for dressing crank- 
axles. These are the heaviest forgings, and are 
the most unwieldy and awkward in form of any 
that have to be dealt with. By alterations in the 
gearing of the macliine in question, it peifonns 
the several operations of planing each side of the 
jaws of the crank, the faces, the segrneutal crown, 
and turns the crank-pin. The tliree-throw crank- 
axlee are in sections, connected by Hanges and bolts 
so as to be equal in st length to the j>onderous and 
unmanageable single piece. 

Among the engines that have been or are being 
rare four piira for twin^acrews of 500 horse- 
nominal, for the Ajcuc and Afjttftiemnoiif 
and four pairs of equal ix)wer for tho Ittilian 
Government. Three-cylinder comjwimd ex|ianaive 
engines have been com[)U>ted for the Nc*TthampUm, 
H-N., and tried with gi^eat success. They am an 
entirely new iy\^. The cylinder are 54 inches 
diameter, 3 feet 3 inches stroke^ and make about 
^5 revolutions at full power. Tlie great advan- 
tages claimed for tlus form of engine are, that it 
can be uaed as a compound engine fur mudemte 
power — say, a third to half of the miiximum power 
— ^by using one cylinder at high pi'essui^, and the 
other two at low pressui-e. When a high iK)wer or 
»p?ed is requii'ed, the stejim can be admitte*! dii-ect 
from tlie boilers into all the thi'ee cylinders; the 
highest yx)wer required will thus be attidned, at a 
amall sacrifice of economy- The indicated hoj-se- 
power of these new engines is G,000 working as 
expansive, 3,000 working as compound ; the nominal 
horse-power being 1,000. Tlie great erecting shop 
ia heated by hot-water pipes. 

The engine works and y^Lvm have an area of 
about seven acres. The axerage number of men 
employed is about 1,200, including a few youths 



and gentlemen-student apprentices, ftom various 
parts of the world. The f»ower exemsed by the 
thews and sinews of the host of workmen is minis- 
tei-ed to by three pjiirs of very compact and beautiful 
engines, made in the works, that are of 24 horse- 
power nominal jiei' pair, but capable of working 
to double that power. They ai'e phiced in the 
situations where tlie power is needed, jmd where 
it can be most conqilctely utilised. 

At the boiler works on the Tluimes bank about 
500 men are employed. Here, as at the ** upper 
shop," the ajiplijinces for the various processes are 
the best of tlieir kind, including machines for 
stmghtening or bending ii*on plates, and a mlling 
machine, with remarkably effective gear, that makes 
excellent work in rolling half-inch plates 12 feet 
long. The rivet-making and riveting machines are 
also very clever, and do their work with wondeiful 
rapidity and completeness. This department is 
impressive by its deafening noise ; and among the 
objects exciting observation are the vast dimensions 
of the boilera for some of the greut war ships that 
are in progress. An engine of 30 hoi'se-power 
nomuiaJ ser>'es the works. 

There is telegraphic communication between the 
upi»er and lower shops, and Ijetween each iind ^Ir. 
Perm's residence at tlie Cedars. Thei^e is also 
communication between the two shops — which ai^ 
about a mile apaxt — by traction engines that tmvel 
during tlie night, and in daytime by wagons and 
trucks dniwn by teams that aixj unsurimssed for 
power and synmietiy in the comity of Kent It 
is a saying of Mr. John Penn^ that he has always 
tried to get the best horses and the best men 
procunible. He has been very successful as re- 
gards the horses, and fairly so as regards men, but 
he states his experience t<> be that ** it is easier to 
anive at a satisfactory conclusion on the iHJints 
and qualities of a honse than of a man.'^ It says 
much for the relations Ijetween masters and men 
in Penn's works^, that no employment is more 
eagerly desii*etl by mechanical engineers or l>oilep 
makers in the district tlian **a job at Penn's.** 
The liljerality of the fiiTii is greatly to theii' honour. 
Theii* numerous and generous Christmas gifts me 
alike creditable to donors and receivers. On the 
occasion of my ™it, 1 fell upon an ** old man 
eloquent/' long in the employment of the firm, 
who, without " pumping " on my part, was earnest 
and garrulous in laudation of the ** masters," I 
am afraid to qiiot liiui as to the numbers and 
amounts of life-pensions to "old hands** with 
which the firm charges itself, or concerning the 
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number of widows that Mrs. John Penn, of the 
Cedai*8 — a true " Lady Bountiful " — has upon her 
books. The old man capped his details by the 
climax, " In fact, master, there's nobody like them ! " 
Fi-om all that we have learned from other sources, 
we conclude that the sad wranglings and contests 
often prevailing between capital and labour would 
Ije almost impossible if large employers, acting 



upon its suggestions, would take a leaf from the 
book of John Penn and Son. 

In fine, the high reputation of the firm, and 
the confidence reposed in it by our own and 
foreign Governments, are attributable to the signal 
ability of its membei-s, and their persevering action 
upon Mr. John Penn's own declaration — "I can't 
afford to turn out second-rate work." 



COTTON. — II. 



INDIAN MUSLINS — ENGLISH COMPETITION — EARLY SPINNING MACHINES. 
By David Brbmner, Author op "The L^oubtries or Scotland." 



TOWARDS the end of the seventeenth century 
Indian silks, muslins, and printed calicoes 
became fashionable articles of dress with the upper 
and middle classes in this country. In consequence 
of this, persons interested in home manufactures 
were loud in their complaints, and there were not 
wanting prophets who foretold all sorts of calami- 
ties if people persisted in wearing the products of 
Hindoo looms in preference to home-made fabrics. 
The author of an essay upon trade, entitled " The 
Naked Truth," published in 1696, made the follow- 
ing reflections on the obnoxious fashion: — "The 
advantage of the East India Company is chiefly in 
their muslin and Indian silks (a great vahie of these 
commodities being comprehended in a small bulk), 
and those are becoming the general wear in Eng- 
land Fashion Ls truly termed a witch — ^the dearer 
and scarcer any commodity, the more the mode. 
Thirty shillings a yard, aiid only the shadow of a 
commodity when procured ! " And Gibson, in his 
" History of Glasgow," thus complains of the 
manner in which the Indian fabrics were sought 
after : — " While the industrious inhabitants of 
Glasgow and Paisley were lately exerting them- 
selves to improve, bring to perfection, and extend 
the manufactures of cambric and lawn (flax fab- 
rics), the greater part of the women in Scotland 
were wearing muslin, a fabric of India; nay, so 
great is the influence of fashion, that the very 
wives and (laughters of these men were wearing 
tills exotic themselves. Surely we are void of 
thought ! " About the time this was written, 
a pro[K)sal was seriously made that a patriotic 
association should be formed for the discouragement 
of the fashion of wearing Indian cotton cloths. 
Liulies who should persist in the practice were to be 
Kliunned as enemies of their country, and gentlemen 
who associated with such ladies were to be held in 
scorn. As such an organisation woidd interfere with 



the liberty of the fair sex, it was not proceeded 
with. A good deal of ridicule was heaped upon the 
preservers of the freedom of female action in. thia 
case, and several writers addressed themselves to ' 
proving that " the liberty of the ladies, their 
passion for their fashion, had been frequently 
injurious to the manufactures of England." 

In the year 1700 an Act w&s passed forbidding 
the importation of Indian silks and printed calicoes^ 
imder a penalty of £200. This did not, however, 
check the desire of the wealthy classes to obtain 
the forbidden articles, and an extensive system of 
smuggling sprang up, for the suppression of which 
further enactments had to be devised. Daniel 
Defoe, in his Weekly Review for the spring months 
of 1708, congratuktes Parliament on the action 
taken to preser^^e our native industries, and thus 
describes the state of matters which had pre- 
viously existed : — " We saw our persons of quality 
dressed in Indian carpets, which, but a few years 
before, their chambermaids would have thou^t 
too ordinary for them ; the chintzes were advanced 
from lying on their floors to their backs, from 
the footxsloth to the petticoat, and even the Queen 
herself at that time was pleased to appear in 
China and Japan — I mean China silks and calico ; 
nor was this all, but it crept into oar houses, 
our closets, and bed-chambers; curtains, cushians, 
chairs, and at last beds themselves were nothing 
but calicoes or Indian stuflfs, and, in short, almost 
everything that used to be made of wool or silk, 
relating either to the dress of the women or the 
furniture of our houses, was supplied by the 
Indian trade. What remained, then, for our peqile 
to do but to stand still tod look on, see the bread 
taken out of their mouths, and the East India 
trade carry away the whole employment of the 
people ? What had the masters to do bat to dismifli 
their journeymen, and take no more iq[^preQtioest 
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What bad the jourDeyiueti to do but to sit stiU, 
grow poor, nm away, and starve 1 " 

In defiance of the prohibitoiy laws, and the 
pampldeta of patriotic protectionists, the imixn'ta- 
tion of dress materials from India continued, and 
thev were generallj prefeiTed to the native pi-o- 
flucts. The English spuaner and weaver were equal 
only to making cmii*se fabrics, and Manchester, 
Bolton, and Leigh, could oifer no :&ner cloths than 
those known a« dim iti^, jean b, velveteens, fustians, 
fancy cords, and the like. It was only natural then 
that the women 
of the time, once, 
having j possesion 
of garments mtule 
of the light and 
elegant cloths of 
India, should give 
thofie a prefeix'uce 
over the he^ivy 
and plain-looking 
home-niade stufik 
In order to meet 
the poptdar UvAi^^ 
both spinnera and 
weavei-8 did their 
I test to rival the 
Hindoo manufac- 
tui^rs ; but for a 
long time they met 
with but litUe 
succe^a, for their 
appliances, though 
<juite eqnal to 
those of tlie 

£ii£teiTi workers, were not guided by the hereditary 
fikUl of thousands of yeai-s. 

Ingenious men had, however, for some time been 
directing their attention to the subject of imjiroving 
and extending the home manufacture of cotton by 
meniLH of machines which would excel hand-labour 
in Ijoth the quality and the quantity of work dune. 
They succeeded roarvellously, iuid many machines 
were devised which, in a com|»ar{itively short time, 
had the etfect of revolutionising the cott>«3n manu- 
^ibCture, and laying the foundation in Englan*!^ of 
her greatest industry. Under the old couditioiia 
of production tlie manufactuie made very slow 
progress, us is exemplified by the fiw:t that d\iring 
the first half of last century our imports of cotton- 
wool did not exceed in any year 2,000,000 lb., of 
which a coniiiderable proijortion w^ls devot-e<l to 
the making of a\ndie- wicks. But, after all, it h 
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not strictly correct to speak of the cotton manu- 
facture as existing in England in those days; 
for in no fabric was cotton-waqi used, and the 
linen- waip was really the more imj>ortant jmrt 
of the doth produced. It was not until the year 
1773, when Arkwright had introduced his spinning 
machine, that a [uece of cloth comjioaed entirely 
of cotton was made in this country. The system 
on which the trade was carried on was this; — 
The merchant sup|ilie<l the weaver with linen- 
yarn for warp and u quantity of cotton-wool 

sufficient to pro- 
duce the weft. K 
the weaver had no 
family who could 
spin the latter for 
him, he had to 
give out the work 
to be done, and 
lost much time in 
going from house 
to house to find 
assistance. It wiia 
no unusual thing 
for a weaver to 
walk several mOes 
every morning to 
collect fiT>m the 
spinners the wefl 
he would require 
to keep him em- 
ployed during the 
day. The ilemand 
for weft was 
usually greater 
than the supjdy, and as the s[>uxners wem con- 
stantly liiurietl, the yarn they produced was of 
a very in'egular quality. Every inducement was 
held out to Hpmnei-s to increase the quantity of 
their work, and tkeii* wheels were kept '* biiring " 
fi-om early moniing till late at night, the te^liousr 
iiess of the toil l>eiiig lightened by the knowledge 
that gifts of ribbon or other finery would cei^ 
tainly reward any exti^aoitlinaiy eflbrt on their 
piui:, A weaver in those daj^ had no enviable 
position. When he waa supplied with the linen- 
wai'p and cotton- wool necessary for the produc- 
tion of a [>ieoe of cloth, he was at the sauje time 
bound under a i)enalty to return the finished 
work by a cei-tain day j and when the custom of 
stimulating the spinners by meiins of gifta was 
established, he found a heavy tax pltieed u|miu his 
labour. The amount of time lie had to devote to 
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running to and fro, first in search of work and then 
in search of spinners, made it necessary that he 
Siould, in order to make a living, spend many 
.^oiira of the night at his loom. This difficulty in 
obtaining a supply of yam retarded the progress of 
the trade very much ; and yet the advance made 
was such as to excite wonder in some minds, for in 
the Daily Advertiser ^ in 1739, we read as follows : 
— " The manufacture of cotton, mixed and plain, is 
arrived at so great perfection, within these twenty 
years, that we not only make enough for our own 
consumption, but supply oiu* colonies, and many 
of the nations of Europe. The benefits aiising from 
this branch are such as to enable the manufacturers 
of Manchester to lay out above £30,000 a year for 
many years past on buildings. Tis computed that 
two thousand new houses have been built in that 
industrious town within these twenty years." A 
more exact idea of the extent to which the trade 
had been developed at this time is to be obtained 
from the official statistics, which show that the total 
imjx)rt of cotton-wool into England was, in the year • 
referred to, considerably under 1,700,000 lb., while 
the value of the cotton goods ex|X)rted did not reach 
£20,000. A good test of the state of the manufac- 
ture is also affi)rded by the returns of imports from 
Ireland of linen-yam to be used for warp in the 
cotton fabrics. They are as follows : — 1731, 13,734 
cwt. ; 1740, 18,519 cwt. ; 1750, 22,231 cwt. 

We have seen that the chief obstacle to an 
increase of the cotton manufacture was the want 
of means of producing yam in sufficient quan- 
tities. Let us now explain how that difficulty 
was overcome. The twisting of animal and vege- 
table fibres into threads is an art of the highest 
antiquity, and must, of course, have had its origin 
prior to the sister-art of weaving. Of the existence 
of l)oth at a remote period in the history of the 
human race we have evidence in the earlier books 
of the Bible. In the account given, in the 35th 
chapter of Exodus, of the directions concerning the 
building of the tabernacle in the wilderness, the 
l)eopIe are requested by Moses to bring offerings of 
" blue, and puq)le, and scarlet, and fine linen, and 
goats' hair;" and further on, it is stated that "all 
the women that were wise-hearted did spin with 
their hands, and brought that which they had spun, 
both of l>lue, and of purple, and of scarlet, and of 
Que linen." Tlie Egyptians had, it is to l)e pre- 
8ume(], been familiar with spinning and weaving 
long l>efore that time, and these and other ails the 
Hebrews carried with them when they took their 
de))arture. Among various nations of antiquity 



the art of spinning was regarded as a great boon to 
the human race, and its Invention was attributed to 
a high source. The Egyptians gave the honour to 
Isis; the Mohammedans to a son of Japhet; the 
Chinese to the consort of their Emperor Zoro ; the 
Peruvians to the wife of Manco Capac, their first 
Sovereign ; and in some ancient statues of Minerva, 
the goddess holds a distaff as a token that she was 
the originator of the art The distaff and spindle 
were apparently the earliest appliances used in 
spinning, and it was not until a comparatively 
recent period that the spinning-wheel was invented. 
The use of the spindle and distaff could not bo 
better described than they are by Catullus in the 
following passage from his poem on the man-iage of 
Peleus and Thetis : — 

'* The loaded diBtaff in the left hand placed, 
With apongy coils of snow-white wool was gniced ; 
From these the right hand lengfthening fibres drew, 
Which into thread *neath nimble fingers grew. 
At intervals a gentle touch was given, 
By which the twirling whorl was onward driven ; 
Then, when the sinking spindle reached the ground, 
The recent thread around its spire was wound, 
Until the clasp, within its nipping cleft, 
Held fast the newly-finished length of weft.** 

It does not appear that the spinning-wheel was 
known in this country till the fourteenth century, 
though a wheel of very simple construction was 
used by the Hindoos before that time. This early 
Indian wheel was capable of producing coarse yams 
only, and the yams from which the once famous 
muslins of Dacca were made were spun on the 
spindle and distaff, which primitive appliances yet 
exist in some parts of the East, and were, witlun 
this century, not uncommon in English homes. 
The first form of spinning-wheel known in this 
country, consisted simply of a spindle which ^'as 
turned by a cord passing over a broad-rimmed 
wheel Having by the use of hand-cards formed 
the wool into " rolls," the spinner b^an operations 
by causing the wheel to revolve by a push of her 
hand, and then attaching the wool to the spindle, 
drew it into a soft cord called a " roving." When 
the spindle was full, it was removed, and a fresh 
one put on. This process was continued until the 
supply of wool was worked up, and then came the 
"drawing" pi^ocess. A spindleful of roving was 
placed on the lap of the spinner, and the end of 
the cord attached to the empty spindle in the wheel. 
By rotating the machine and pulling out the roving 
between the finger and thumb of the left hand, 
the yam was rechiced to the required degree of 
fineness, and firmly twisted. A serious defect 
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of the machine was its requiring one hand of the 
ipiiuier to keep it in motion. TJiis diiiiulvaiitage 
J overcome, after the wheel had bet?n in \i&e about 
two centurieK, by fittinj^ it with a crank and treadle 
motion^ which enabled the Hphrner to work the 
machine with her foot, while, with both hands free, 
she was able to pi-oduce it much greater quantity of 
jaru in a given time tban she could with the old 
wheel. The treadle- wheel came largely into use as 
a domciitic machine. The mves and daughters of 
well-tOHlo i)eop!e throughout the country were 
taught how to work it, and it was, not so long ago, 
a common thing to heai* a thrifty fanner*a sponse 
boast that her houaehold linen antl blankets were 
all of her own fipinning ; while homo-made articles 
of the same description used to be a higlily-treiisured 
part of a daughter's dowry. In many paii« of the 
countiT the wheel is still to be met with, especially 
in the Highlands of Scotlrmd and the niral dLstricts 
of Ireland ; indeed, it is on record that the most 
|iUustiioiis hidy in the land not only possesses a 
Line of this kind, but that she and her daughters 
it occasionally. 
The first attempt to supersede spinning on the 
rheel is by some authoiities attiibuted to Mr. John 
Tjuli, of Binningham About the year 1730, it is 
id to have occurred to him that a pair of mllers 
migbt be made to i)erfonii the imi-t of the finger and 
thumb of tljo Bjnnner in supplying the wool-cartrlings 
to a mechanically-moved Bphi<lle, luid he applied him- 
self assicluously to testing the matter. He I'eached 
only the verge of a grand discovery, however, and 
left the prize to be earned oflT by otJier hands. One 
of his sons thus describes tlie fii-st expenmejit made 
"with ** a spinning-engine without haiuk " : — "In the 
3*ear 1730, or thereabouts, living then at a village 
near Litchfield, our i^espected father fii^t conceived 
the prcjject^ and can-ied it into eflect ; and in tlie 
year 1733, by a model of about two feet scpiare, in 
a small building near Hut ton Coldfielil, without a 
single witness to the {>erformance, was K]>nn the 
first tliread of cotton ever i>roduced without the 
iater%*ention of human fingejT^, he, the uiventor, to 
use his own woitls, * l>eirig all the time in a pleasing 
hut trembling suspense.' llie wool had been carded 
in the common way, and was passed between two 
cylinders, from whence the bobbin drew it by means 
of the twist" Eucourdged by this measure of 
success, Mr- Wyatt sought to turn it to account, 
and with that view allied himself with an enter- 
piiaing foreigner named Lewis Paid. The latter, 
fho ap[iears to have had consider.ible mechanical 
[1, effected some improvements on the original 



machine, and in 1738 took out a patent in hit 
own name for spinning wool and cotton by means 
of rollei'8. His si^eciflcation set forth that *'the 
wool or cotton having been prepared by carding 
into slivers, one end of the mawj, rope, thread, or 
sliver is put betwixt a pair of rowiera, cillindeis, 
or cones, or some such movements, which being 
twined roimd by their motion di-aws in the raw 
mass of wool or cotton to be spun in propoition 
to the velocity given to such rowlers, cillinders, 
or cones. As the prepared mass passes I'egiilarly 
through or betwbct those i-owlei-s, cillindei-s, or 
cones, a succession of otiier rowlei-s, cillindera, 
or cones moving pro|K>rtionably faster than the 
first draw the roije, thi*ead, or sliver into any 
degi^ee of fineness which may be i*equired.'* Tliis 
is intelligible enough, but the succeeding sen- 
tences describe a me^^hanical impossibility, Tliey 
are in these words : — ^'* Sometimes these successive 
rowlers, cillinders, or cones (but not the first) have 
another imitation l.>esides that which diminishes the 
thi*ead, yam, or worstod — ^-iz., that they give it a 
small degree of twist l^etwixt each [Miir by means of 
the thread itself passing thnjuijh the axis and center 
of that rotation* In some other cases only the fii*st 
|>air of rowlers, cillinders, or ct^nes are used, and 
then the bobbyn, s]x>]e, or quill, npon which tlie 
thread, yarn, or worsted is spun, is so contrived as 
to draw faster than the first rowlers, cilJindei-s, or 
cones give, ancl in such pi-oj^ortion as the fii'st mass, 
roj>e, or sHver is proi>ORed to Iw^ diminishefl" 

In the year 1741, Mr. Wyatt and his paitner 
started a small factoty at Birmingham for s]iinning 
cotton-yams with the new machine. The establish- 
ment must have been on a very limited scale, as 
it gave employment to only ten girls, and the 
machinery was kept in motion by two donkeys, 
which by pulling roimd a hoiizontal Imr cau8t?tl a 
vertical shaft to revolve, Mr, Paul took charjcje of 
the factory, and Mr. Wyatt sixnit his time ehielly 
among the manufactui-ers of cotton goo«ls, whom he 
tne<l to induce to purchase his maeliine-nimle yarna 
The quality^ however, ap|)car8 to have been so in- 
ferior that he failed to me»>t with purciuisers to 
a remunerative extent, and after struggling on for 
a couple of years, the venture was abandoned. Dr, 
Johnson's friend, Mr. Cave, ]U'oprietor of the 
Gentlef>ian*8 Magazine, had taken some intei-est 
in the laltoui-s of Jlr, Wyatt, and had so much 
faith in the principle of the api>anitus that he 
established a factory at Northampton, in which 
he fitt^'d 250 spindles, and erni>loyeil 50 oj^ra- 
tives. The work was jierse veiled with in a most 
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pmsffworihy maimer^ but with no better saccefi« 
than attendeti Mr. Wyiitt's efforts; and in the 
course of a few years the factoiy chtinged haiiilB, 
ftad was ultimately dismantled. Spinning by means 
of rollers appeared 1 a hofieless project, as after being 
subjecte<l to variaus modiiications, and being studied 
by ingenious minds for nearly a cpiarter of a century, 
Mr. Wyatt's machine could not be got to pixxluce 
marketfthle yam. Mr, Paid m said to have shovrn 
much perseverance in following up the ideji of his 
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allowed to pass almost without contradiction until 
the yetir 1858, when Mr. Robert Cole, F.S.A., in a 
jmper i*ead at the meeting of the British AsBocialion 
at Leed»i took up the matter, and by indisputable 
eWdence showed tliat to Paul alone must be awaixled 
the merit and honour of t>eing the sole inventor of 
the mficliiiio for spinning cotton and wool by meanii 
of rollers, and that Wyatt had nothing whate%'er to 
do with the invention or canying it into execution 
beyond the fact that he had advanced some money 
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fiiend, or ratlier, as some writers on the subject 
allege, in trjong to tiu-n to his own exclusive profit 
the invention of one who voluntarily introduceii 
him to the venture. In 1 758, on the plea of li-jving 
efiect^ some improvement, he obtaine<l a second 
polent for a i-oller spinning-machine ; but it would 
•ppeiT that the fipparatuB he desired to protect was 
identical with Mr. Wyatt's original machine. 

Though the eai-lier historians of the cotton manu- 
fiicture give to Wyatt the credit of being the 
originator of roller-spinningf an<l describe his rela- 
tions with Paul to have been as above narrated, 
tliey apfiear to have had only very slender grounds 
for doing so. Their statements were, however. 



to Paul, and had been in bis employment for some 
time as a workman receiving a weekly wage. Mr. 
Cole olitiiined possession of numerous letters wntCen 
by bo til Paul and Wyatt, of accounts and agree* 
menta between them, and also of licenses to nsta hta 
maclune granted by Paul to various pei^sons. In 
none of these does Wyatt appear even in the dia* 
meter of a partner, and when Paul granted to 
Wyatt the right to use a certain number of spindles 
on his principle in consideration of th© money 
advanced l>y tbe hitter, the agi'eement set fortll 
that tli»? niuiliinery was **the invention of the mSA 
Lewis Paul." Lastly, it apfiears that Wjatt hiittr 
self never claimed to be the inventor. 
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By RoBEaT Smilesi. 
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AMAJOHITY of scientific men exemplify, 
more or leas completely, the tiiith of Pope's 
dictum, that 

" One dcicfice only will one genius Bt, 
So VH»t is art. so oaitow kimuLQ ¥rit.** 

Comparatively short ares 
of tlie circle of the 
sciences are sufficient 
for their conceutratetl 
|iowers, whether dii-ectetl 
to a dejiaitment of co^ 
mogony or dynumics, 
or to the fields of the 
ammAl» vegetable, Mid 
mineral kingdoms, and 
their products. Sir. 
Hcniy Bessemer seems 
to he an excejitton to 
thia rule, if it Is a rule. 
The scope of his pursuits 

^ extends over a wide mnge 
of the applicrd scienceK, 
igul practical mechanics. 
His father wa% a man 
of extraordinary |iowera. 
He (Antony Bessenier), 

tbc»m in London* wtun 
taken by his parents to 
Holland when in his lx>y- 
hooiK At twenty years 
of age, he distinguished 
himseif at Haarlem by 
the erection of pumping- 
engines, to drain the 
turf-pita. Before he was 
twenty-five years of a^ 
he was elected a member 
of the A rod emie at Paris, 
for improvements in the 

microscope. Tlie Revolution drove liim ft^ora France, 
Im eecsape being efiected after he had been sum- 
moned to appear before the awe-iiLspiring Assembly. 
Returning to London, he achieved distinction by 
his induKtry and skill as a ty|»e-foimder. He was 
the friend, uitFiout rivaby, of the eminent Henry 
Caalon, after whom he named hm son Heniy, tlie 
»til>ject of thin sketch. The elder Bessemer, from 
finiite of his indastry^ purchased a freehold 
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estiite at Charlton, in the ^laiish of Hitehini Hert- 
foiflsbirej whei-e Henry Bessemer was Iwru on the 
10th Januaiy^ 1813. 

Edncfitional means and appliances were gi*eatly 
inferior then to what they are now. Though yoimg 
Bessemer ha*l his in- 
struction in the neigh- 
bouring to wn,niprobably 
the best school acces- 
sible, it is certain that 
he did not i^eceive there 
any sfjecial training for 
after-life. Fram his boy- 
hood he put's lied with 
ardour, as his favourito 
amusement, the model- 
ling of buildings^ and 
other objects, in clay. 
His manual dexterity 
and taste kept pace 
\rith each other ; and 
when the family i*e- 
moved to London, Henry 
had the honour* (aged 
twenty) of exliiliiting at 
the Boyal Actideniy, 
Somei-set House, a model 
of St. Luke's Church, 
Chelseii. He continued 
to follow the profession 
of modeller and designer 
for a time i^ith a fair 
measure of success. His 
numei*ou8 inventions^ 
are, in one sense, of two 
classes — those which ho 
did not, and those which 
he did, protect by patent. 
The Patent Office records 
have no entry of Mr. Beasemer's name prior to 
1838, when he was concenied in an invention for 
the casting of printing tyi>es. His uni>rotected 
inventions date from about 1834, when he was 
twenty-one ye-ara of age. These may be referred to 
irresi>ective of chronological order ; they belongt 
indeed, to a perio<l not exceeding three years. 

The attention of the young inventor having l>eeu 
directed to the difficiilty of obtaining good examples 
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of figured Utrecht velvet, be invented a machine to 
supply the want. Hib contiivance praved a success, 
and i)ai*t of his productions were used in furnishing 
some of the State apartments of Windsor Castle. 
He, moreover, provided many of the designs for 
figured velvet which are stiU in use. 

About the same time Bessemer put an effectual 
stop to a fmud which inflicted heavy loss on the 
revenue. High-priced adhesive stamps used fre- 
quently to be dishonestly transferred from effete 
documents to new deeds, and thus made to do 
duty twice, or ofbener, for one payment to the 
Stamp Office. He invented machinery by which 
elaborate designs were pierced through the body of 
the parchment deed, in a manner similar to that 
now so commonly employed in perforating paper 
for valentines, <fec., and which designs it was impos- 
sible to transfer to other deeds. This plan was 
submitted to Sir Charles Presley at the Stamp 
Office, and was approved by him and the other 
Stamp Office authorities ; but a second plan of Mr. 
Bessemer's was, however, preferred, as answering 
the same important end with less of change in 
the routine of the office. Mr. Bessemer's second 
plan was to drill three roimd holes in all the steel 
stamp-dies, and fit into them three circular mov- 
able steel types, one showing the date of the month, 
the second the month of the year, and the third the 
yetir of issue, so that old stamps thus dated could 
not be used on a new deed, as its date of issue 
would betray its former use. This plan met the high 
approbation of the Stamp Office authorities and of 
the Ministers of State ; and within two months an 
Act of Parliament was passed, calling in the old 
stam^is, and substituting Bessemer's dated stamps, 
as they are still in use. Lord Althorp, then Prime 
Minister, promised Mr. Bessemer a place with 
light duties, worth £600 or £800 per annum, in 
the Stamp Office, but he resigned before he had an 
opportunity of carrying out his pledge, and although 
the uivention has probably saved millions of pounds 
to the State, the inventor has never received a 
shilling in acknowledgment of his services. In 
1834, Mr. Bessemer was successful in depositing, 
by a process similar to the modem method of 
electro-plating, a coating of copper u]X)n castings in 
pewter, or other metal. This was about a year before 
Jacobi, of St. Petersburg, announced his electro- 
ty\ie process, and six or seven yeara before Elking- 
ton and Mason, of Birmingham, were fairly at work. 
Mr. Bessemer's specimens were i)ublicly exhibited. 

An ex[)ert amateur engine-turner and engi-aver, 
Mr. Bessemer, when a yoiuig man, executeil a 



large quantity of delicate and beautiful designs 
on steel, engraved with a diamond point, for patent 
medicine labels. For this work very hi^ prices 
were paid, and he had as much of it as he could 
put his hands to. One other invention we must 
briefly indicate. Having occasion to use a little 
brenzc-powder for the adoimnent of his sister^s 
album, he was struck by its high price — seven 
shillings an ounce. He analysed it, and foimd 
that the intrinsic value of the materials was about 
Is. per lb., and that the high price arose from the 
tedious and costly method of preparing it by hand. 4 
Many experiments resulted in his contrivance of 
five self-acting machines, that performed perfectly 
and rapidly the work hitherto done by hand. 
To prevent the discovery of his method, he had 
the machines made in parts by several different 
engineers. Two workmen, whom he had taken into 
his confidence, faithfully guarded the secret, and 
at the end of many years had the large and profit- 
able business of the brenze-powder and gold i)aint 
factory at Camden Town handed over to them. 
Mr. Bessemer, subsequently, in 1843 and 1844, 
took patents for the manufacture of bronze-powder 
and gold paint The result of these inventions has 
been to reduce the wholesale price of bronze-powder 
from £5 5& to 36. 6d. per pound. 

Details, even of the short titles of Mr. Bessemer's 
patents, would greatly outrun our space. Between 
1838 and 1875 inclusive, they are 113 in number, 
and the numerous drawings that make up seven thick 
volumes are all his own work. The record indicates 
a degree of mental activity and versatility, as a keen 
observer, original thinker, and clever inventor, rarely, 
if ever, equalled. The subjects include, among 
others, patents in connection with railway working, 
improvements in rails, brakes, engines and car- 
riages, axles, wheels, tyres, &c. For improvements 
in sugar manufacture, and treating saccharine 
matter, he took fifteen patents. In connection 
with motoi-s, atmospheric propulsion, rotary air and 
steam-engine blastfurnaces, hydraulic apparatus, 
and hydrostatic press for treatment of ores and pig- 
u*on ; manufacture of iron and cast steel, and the 
laminating, shaping, pressing, rolling, moulding, 
embossing, shearing, and cutting of metals, he took 
out many jmtents. He took numerous patents for 
marine artillery — oixlnance, projectiles, and ammu- 
nition ; screw i)roi)eller ; anchors ; armour-plates ; 
improvements in steam and sailing vessels, and 
suspended saloons; silvenng glass; casting type; 
bronze and metallic i)owder, gold-jmiut, oils, var- 
nishes, ornamenting siuiaces with bronxe, &c; 
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mtaing and forcing, and collecting and storing 
water: asphalte pavements; waterproof fabrics; 
reflectors, lenses, Ac. ; besides buildings, machinery, 
ij)d a[)paratns for a variety of purjKKses that we 
Lot stay to enumerate. In two consecutive 
Mr. Beaaemer took out twenty-seven ]>atents; 
in some instances, four and five for the most divei-ae 
8u1>jects in a single day. For improvi^ment^ in 
the nianiifactui-e of sugar, he was awarded the gold 
medal given by the late Prince Consoit. He ex- 
tracted 85 per cent, of juice from the cane, Mr. 
Scott Russell came next, but fell short by about 
10 per cent,, although he used a very i>owerful press. 

The famous ** Bessemer *' steamer, with suspended 
saloon, was meant to carry paiiBengers over a rough 
so smoothly that they could not by any chance 
sick, but it has nfever yet been fairly t^^ted at 
The fault that was noticeable in the trial lay 
not, as far as could be gathered fram the jmssiige 
Iriiia, in the saloon, but in other ]Mi-ts of the sliip 
whicla were tned and found to l>e unsatisfjictory, and 
for which Mr. Bessemer coulJ not lie held i-espon- 
idlile. Mr, Bessemer's grandest invention is the 
method of *' raanufactiii-e of iron and steel, -without 
fiiel," announceil at the meeting of the British Asso- 
ciation, at Cheltenham, in 18or>, to the admiration 
and amazement of the scientific world. It should 
be mentioned that many of 'Mr. Bessemer s patents 
are for improvements upon hi a own inventions, 
cxpeiience having taught lum the necessity of 
blocking pirates at every step. 

The mpid conversion of cnule }»ig-iron into mal- 
leable ijt>n and stee! is the invention, of all others, 
with which his nan»e will fixjm hencefortli lie 
associated* His name is, indeed, insejjambly con- 
iiect€<l with the pi-ocess and i*ixxluct, and ** Bessemer 
Bt<»el " is now known throughout the civilised world. 
By this process the price of steel mils for roads has 
been reduced to that foraierly paid for iron, and 
«t©el tyres for wheels have Ijeen reducetl from ^90 
to £15 jier ton. Tlie invention was rapidly adopted 
wherever the iron -manufacture is prosecuted, and 
inany honours have been conferred on the inventor. 
In England, he receivetl fi-om the Institution of 
ivil Engineei-H the Telfoixl Gold Medal ; from the 

iety of Alts, the All^eit Gold MedaJ. He was 
an honorary member for the Iron Board of 
was made a fi-eeman of the City of 
Hambuiig; was made a G.C. of the Order of 
H. LM. Fnincis Josepli of Austria, llie bite Ern jierar 
JjoniB Napoleon wished to confer on him the Grand 
Cross of the Legion of Honour, b^it jiermission was 



refused to wear it in this country, and his Majesty 
presented lum instead with a spleiulid gold medal. 
In the United States Sir H. Bessemer s name will 
lie had in i^membrance from its having lieen given 
to a prosperous and rapidlv increasing town. He 
also i*eceived a gold medal, accomptuiied by an 
autograph lettei-, from the King of Wurtemburg ; 
as well tis a gold medal and honorary memliership 
of the Society of Arts and Manufactures at Berlin, 
kc. And in January, 1 878, the lustitution of Civil 
Engineers further marked their appreciation of 
Bessemer's inventions by conferring on him the 
honorary title of CK, and also awarded him 
the splendid Howai-d Quinquennial Prize for his 
improvements in the manufacture of steel. He 
was elected Fellow of the Royal Sotuety on June 
12, 1879, and was knighted on the 2Gth of the 
same month. In 1880 the Turnei-s' Company 
presented hiiu with the freedom and livery of 
their com]iany, and on October 6, in the same 
year, he rtnieived the freedom of the City of 
London. 

Sir H, Bessemer's constructive skill and exquisite 
taste as an architect are aflmimbly illustrated in 
his mansion at Denmark Hill, and notably l>y the 
inner hall, bil liar* I -room, and conservatory, which 
are simply perfect in theii- i>rinciples of construction, 
proi>ortions, and the elaUoration and graceful l>eauty 
of their decorations. 

No one who has enjoyed the privilege of inter- 
course with Sir Henry can have failed to l>e 
charmed with his mauners and convei-sation ; and 
any one who can l>egrudge him such rewartls as 
have been acliieved by the industrious exercise of 
his high talents has a diK|wsition the revei^se of 
enviabla 

Sir H. Bessemer's life of leisure is not a life of 
idleuess. He is nothing if not inventive and pro- 
gressive. One of his latest works was to design 
and personally supt^rintend the construction of a 
completely-equip|>ed observatory for itstronomical 
purposes, many of the appliances in which were 
designed by himself. 

In closing this necessarily bnef sketch, full of 
facts and eloquent in suggestiveness as the snbjt*ct 
is, we have to say mifeignedly thnt **the half 
hath not been told/^ and thus abi^uptly must we 
take leave of this "great captain of modei*n 
civilisation,'* 

Uur portrait of Sir Henry Bessemer ia taken 
from a photogiiiph by the London Stereoficopic 
Company. 
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SIR ROBERT PEEL—grandfather of the pre- 
sent baronet — ^who was himself a large employer 
of factoiy children, ^nd therefore well qualified to 
undei-stand their circumstances and condition, was 
their first prominent champion in the House of 
Commons. . In the year 1802, he succeeded in 
inducing Parliament to pass a Bill, the preamble 
of which set forth that, "Whereas it hath of 
late become a practice in cotton and woollen 
mills, and in cotton and woollen factories, to 
emi>loy a great number of male and female ap- 
pi*entices and other persons in the same build- 
ing; and in consequence of which ceiiiain 
regulations are become necessaiy to preserve the 
health and morals of such apprentices and other 
persons ; be it therefore enacted," tkc. The clauses 
of this Act of themselves convey some idea of the 
condition of the factoiy openitives at this time, 
by indicating the evils which it was intended to 
guard against It provided — 

1. For tlie washing with quicklime and water, 
twice a year, of all the rooms and apartments in a 
mill or factory, and for their due ventilation. 

2. Tliat every apprentice should be supplied with 
two complete suits of clothing, with suitable linen, 
stockings, hats, and shoes, one new complete suit 
being delivered to such apprentice once at least in 
every year. 

3. That no apprentice after the 1st of January, 
1803, should be allowed or compelled to work more 
than twelve hours a day, nor before six o'clock in 
the morning nor after nine o'clock at night. 

4. That every apprentice should be instructed in 
some part of every working day, for the first four 
years at least of his or her apprenticeship, in 
reading, writing, and arithmetic, or either of them, 
according to the age and abilities of such api)rentice, 
** by some discreet and proper i)ei*son." 

!). That the male and female api)rentice8 should 
Ikj provided with separate and distinct sleeping 
aj)artment«, and that not more than two appren- 
tices should be allowed to sleep in one bed. 

6. Tliat every apprentice should be instructed on 
Sundays in the principles of the Christian religion, 
an<l should attend divine woi-shij) once a month at 
least. 

7. That the justices of the peace in Quarter 
Sessions s]iouId be authorised to apjwint visitors of 
factories, whose duty it would be to enforce the 



provisions of this Act. One of these visitorB, it 
was provided, should be a justice of the peace, and 
the other a clergyman, either of the Church of 
England or of the Church of Scotland. 

Among other duties which the visitors were j| 
called upon to discharge under this Act, was to \ 
ascertain whether any infectious disorder prevailed 
among the operatives in a mill or factory, and they 
were empowered to call in a physician or other ' 
qualified medical practitioner. 

This Act of 1802 was therefore the first Factoiy 
Act placed on the statute-book. In its operation 
it was limited in several important respects, other- 
wise it would certainly have met with a greater 
amount of opposition than it appears to have done. 
Its application was limited to cotton and woollen 
factories, and to children and young persons toho 
were apjyrentices employed therein. Its main 
defect, however, consisted in the imperfect nature 
of the machinery by which it was i)roix)sed to be 
enforced. It was too much to hope or to expect 
that a justice of the peace and a clergyman would 
willingly imdertake such disagreeable and inquisi- 
torial duties as were imposed upon the \'isitors to 
be appointed under the Act. Practically the law 
proved inoperative, and its chief influence was to 
induce mill-owners to abandon the system of ap- 
prenticeship. It was an important Act, however, as 
expressing the principle that the State was justified 
in interfering with and regulating labour. In this 
respect it established a precedent of great value, 
for although the Act, being limited in its applica- 
tion to apprentices, could hardly be said to raise 
the question of the right of the State to interfere 
with the free labourer, yet it unquestionably made 
the subsequent protection of children and young 
persons who were not apprentices a much easier 
matter. 

This, the first of oiu' factory-laws, however, was not 
long in being supei-seded by the altered conditions 
of employment in the textile manufacturing dis- 
tricts. Watt's improvements upon the steam-engino 
revolutionised the trade by substituting steam f<wr 
water power. It became no longer necessary to 
build factories in remote and comparatively in- 
accessible localities, for a steam-engine coidd be 
erected anywhere, and more conveniently as a rule 
in a town than in the country. Manufacturers 
were not long in discovering that it was much more 
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-convenieEt and economical to bring the factoiy to 
the work-people than to taJce tlie woi'k-peoi>le to the 
factory, and miJla were rupi Jly erected in the densest 
centres of tJie iK>i>nIation. Tlie system of appren- 
tice«thip soon became to a huge ejttent obsolete, 
and thousands of young children M^ere employed 
in fax^ries who resided with their pai^nte and 
wei-e altogetlier controlled by llieni. Not being 
formally apprenticed, these children did not coiue 
vitiiin the scope of the Factoiy Act of 1802, and 
did not even enjoy the partial pmteetion which it 
jidbrded. The gi-ievous oppression from which they 
suffered soon I'aised a loud ontcry, and an active 
agitation was entei'ed upon for an extension of the 
acojie and application of the law regnlating the 
^mplo\Tnent of factory apprentices. 

In June, 1815, Sir Koltort Peel gave effect to 
this opinion by introducing a new Factory Bill into 
tlie House of Commons which woidd apply to all 
children employed in cotton-mills, whether appren^ 
tieed or not. The lion, baronet exphuned that 
what he was disjiosed to recommend was that a 
regulation should be adopted forbidding altogether 

r-ilie emffloyraent of children -under ten years of age, 
iiiftd limiting the hours of work in the case of those 
above that age to twelve houi*s and a half ]»er day, 
including tlie time for education and meak. This 
vould leave ten hours a day for laborious employ- 
joent. Tlie remissnesR of the inspctoi-s un<ler the 
Act of ISO 2 in the |>erformanco of their duties was 
referred to by Sir Robert, and he jutifiosetl some 
wnendments in t\m respect. As it was understood 
that tliis Bill would not lie pressed during the 
current session, it^ intiTKluction tlid not provoke 
much comment. On the whole, it may be said to 
htk^B been favourably received, Mr. Horner, in 
«iipjK*rttng it, aaid that the pmctice of apprenticing 
paribh chikb'en in distant manufactories was as 
repugnant to humiinity as any pnictice winch ha^l 
ever been suffered to exist by the negligence of the 
Legislature. The abuses which the system had 
engendered were most scandalous, as Mr. Homer 
explained. " It had been kno^^^l.'' lit* said, '' that 
with a bankru]>t'8 effects a gang of these children 
faiid been publicly advertised and put up for sale iia 
|Art of tbe pi-ofieity." A most atroi-ious iiistance 
hail been brought before the C^oxut of Kings Bench 
about two years before tliis time, in which a numljer 
cf boys apprenticed by a pju'ish in London to one 
tifacturer had been transfeiTed to another, imd 
lieen found by some benevolent ]fersons in a 
state of alisolute fiimino, ** Another case even more 
horrible," Mr. Horner continued to explain, '^ Lad 
10 



come to his knowledge while sitting on a Select 
Committee. A London parish hud actually entered 
into a formfd agreement with a Lancfushire manu- 
facturer by which it was stipulated tliat with evei-y 
twenty soimtl childi^n sent to the latter one idiot 
should be takem" 

Beyond the introduction of the Bill nothing more 
was done in Parlijiment during the session of 1815, 
The following year the first Select Committ«?e which 
considered this important question waj3 apj>ointed, 
and tbe facts which wei'e for the first time fonnally 
disclosed in evideoice materially aided those who 
were endeavouring to obtain some fuilher legislative 
pi-otection for the factory-childi-eiL The agitation 
on this STitvject was concurrent with a widespi-ead 
rer^val throughout the country of the intei-est t<aken 
by the benevolent in the social and n^oral condition 
of the |>eople. The establishment of 8unday*schools 
liad become very general ; and much of the most 
valiuible evidence submitted to the Committee came 
from gentlemen who had, thiTitigh these invaluable 
institutions, become 4u;cpiaiuted with the sufferings 
and degraded condition of the factoiy - childi^n. 
Messi-s. George and Nathaniel Gould, of Man- 
cliester, made Si>me remarkable statements before 
the S^^elect Committee, their information being in 
the main deiived fi-om their exj>eiieuce in the 
Sunday-schools. 

Another jxiwerfu! ally the <:n»preKSeJ factory- 
children found ill the well-known social refonner 
Robert Owen. Owen's ojanions upon this ques- 
tion of factory legislation were highly \'aluable, 
lioeause he had already put them to the test of 
pmctical application at the large mills at Lunark, 
in Hcotland, of which he had been for some years 
pait^wner and manager. He itiibrmed the Com- 
mittee that when he and his ]mrtners acquired the 
Ljinaik Mills, si^me seventeen years befoi^, he 
found live bundled cliildi'en employed in them, 
who had been obtained chiefly from the Edinburgh 
poor-houses. The ages of these childi-en ranged 
generally fix)m five and six to se\en and eight, and 
their hours of work wei'e thij'teen jier day, inclu- 
sive of meid-times. Owen, with that remarkable 
conscientiousness that distinguish etl all his actions 
in life, had Ids attention concenti^ated on the con- 
dition of this large number of helpless cliildi'en, 
and he soon di&covei*ed that, although they were 
extremely well fed, well clothed, and well lotlged, 
and though great care was taken of them when 
o\it of the mills, yet their gi-owth and their minds 
were materially injureil by being employetl at 
these ages in the cotton-mills for eleven hours 
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and a half a day. It was true, he said, that 
these children, in consec^uence of being well fed and 
clothed and lodged, looked well and healthy to the 
8ui)erficial observer; yet their limbs were veiy 
genemlly deformed, theii* growth was stunted, and 
although one of the best school-mastera upon the 
old plan was engaged to instruct them regularly 
every night, in general they made very little pro- 
gress, even in learning the common rudiments. 
Owen submitted to the Committee the heads of 
a Bill for regulating labour in all factories, which, 
it is interesting to note, anticipated in some respects 
the action of the Legislature by nearly half a century. 
He proposed to prohibit the employment of children 
imder ten yeai's of age altogether ; and he was the 
first to make the suggestion that work and educa- 
tion might be combined. He proposed that from 
ten to twelve years of age children should only be 
employed half time in the factory, while required 
to attend a day-school. Many yeai-s afterwards 
this idea was acted upon by Parliament, and it has 
proved a remai'kable success. For young |)ersons 
over twelve years of age, Owen was of opinion tliat 
ten hours of actual work in the day, or at most 
ten houi-s and a half, should be established as a 
maximum. The difference in the cost of production, 
suj)posing these regulations were enfoix»d, he main- 
tained would be but slight, and no party would 
suffer from them either in respect to our home or 
foreign trade. Owen's confidence upon this j)oint, 
however, was shared in by few manufacturei-s, and 
a sti-enuous effort was made to depreciate the value 
of his evidence before the Select Committee. The 
broad facts established about the cruel overworking 
of children, however, could not be gainsjiyed. It was 
clearly proved that they were sent to work occa- 
sionally at five years of age, frequently at six and 
Ktnen, and the regular hours of labour varied from 
thii-teen to fifteeiL At times they extended to 
sixteen hours out of the twenty -four — from 5 a.m. 
till y P.M. The only stoppage i)emiitted was for 
dinner, for which they wei*e usually allowed forty 
miinites. The work-people took their bi-eakfast and 
teji by snatches while at theii* work. In some ex- 
treme cases it was stateil that the factory engine 
WJI.S run continuously for foui-teen houi-s a day, the 
o^xiratora being comi>elIed to swallow all their food 



while standing at the spinning-frames. Night-work 
was very common, and instances were quoted where 
children were employed in the factories till far on 
in the Sunday mornings. 

Notwithstanding the clear pixwf given of the 
existence of many gross abuses, the Legislature 
moved slowly in the direction of providing a 
remedy. It was not imtil the session of 1819 
that Sir Robert Peel succeeded in getting the 
Factory Bill through Parliament which he had 
introduced into the House of Commons four yeus 
previously. And, after all, he had been constrained 
to accept of amendments which seiiously im|)aired 
the practical value of the measure. Its application 
was limited in the fii-st place to cotton-factories 
only, although the abuses of the fjEu;tory system 
existed in every branch of our textile manufac- 
tures. There can l)e little doubt that in thus 
limiting the sco[)e of the Bill our legislators were 
actuated by a feeling of jealousy against this com- 
paratively new biunch of business — an animus 
which had been even more distinctly manifested 
duiing the preceding century by the imposition of 
special restrictions and burdens upon the cotton 
manufacture. There was a heavy tax imposed 
upon the raw material imported from abroad, and 
even the manufactured ' calicoes were subjected in 
some cases to an excise-duty, so as to discourage 
their competition with the more highly-prized 
woollen manufactures of the country. The Ad 
of 1802 was not rei)ealed, however, by that of 
1819, and the latter, with all its shortcomings, 
made an important stride in advance. It forbade 
the employment of any child in any description of 
work in a cotton-mill until it had attained the age 
of nine years, and it limited the hours of work for 
all under sixteen years of age to twelve per day, 
to be taken between the hours of 5 A.M. and 9 P.iL 
Out of this i^eriod of twelve hours it also 
provided that half an hour should be given for 
breakftust and one hour for dinner, thus limiting 
the actual working hours to ten and a half per 
day. Previsions were also made under this Act 
for improving the sanitary condition of factories 
and for the publication of an abstract of the law 
in such a manner as that the work-people would be 
kej)t fully informetl respecting it 
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ENOUGH has been aaid in the two previous 
l>af>ers to enable the reader to imderstimd how 
imix)rtaiit it is to hitve pure fuel for the productioii 
of commercial iron. The iinest ores are rendered 
worthless bj the use of had fuel, and inferior orejs, 
after having been roasted, can be so i-efint^d by 
smelting with charcoal, that the best iron may be 
obtiiined fix)m tlienL In the competition that is 
taking place among different nations and distiiets, 
and Ijetween individual producei*s as well, it Ima 
become necess^iry to look ciii*efidly into every 
source of economy. It can be i^atlily underRtood 
that when the amount of the fuel employed is so 
much in excess of the materiid pro<lueed, as it 
is in the ca«e of the blast furnace, the saving of 
H is a matter of jiaiumount imj>ortance» T!ie 
prioe of labour and the dilficidties in ike way of ob- 
tiiining fuel vaiy so greatly in diffident [lartsof the 
world, that those countries which am mo«t favour- 
ably situate in these resi>ecta have hitherto been 
able to overlook to a great extent the lo-ss arising 
from wtist^ful applimices. But the advances of 
Others have so equalLsed the striigglej that if any one 
country is to maintain a pn3-eminenee, it must take 
advantage of every possible means for inducing the 
cxjst of pixKlnction by a sa\'ing of its fuel. With 
reganl to tfie interests of the intlividtnd manufac- 
titrer, every penny saved is a penny gained : so that 
his whole success may be said to depend on the 
same conditions of t^'onomical protluction. 

It is not only in the interests of any particular 
industry that the question of how to 'save our fuel 
has acqniretl its present impoitance. The oiiginal 
sources of supply of all foruis of energy are sujijiosed 
— and reasonably so — ^to l»e subjected to a pmcess of 
oontinuoua exl^austion ; but the process is going on 
so slowly, and to pi^event it is so completely Iw^yond 
the cajjacity of hunum ingenuity, that it must be 
accepted as inevitable. It is a diBei^ent matter, 
liowei^er, when we come to deal %vith magazines of 
heat and force that have been stoit?d up for us by 
nature, and for the economictd use of which we are 
directly resj>onsibk\ Ah-eady in this country coal- 
fields have become exhausted which ought to have 
remained untouched if economical a]>plianc«s had 
lieen matle use of. When the mrtisnn-mpnt of the 
coal that remains in (ireat Britiiiit h Ljiven in tons, 
the time it is likely to last is stated in year's, 
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tlie ]ux>si>ect of exliaustion fteems to be distant 
enough ; but if the unit of measurement be i'epi*e* 
sented in stjuai-e miles, and the j>enods of time in 
centuries, the numbers have a more ominous signi- 
ticance. In Ameincji the case is somewhat diffei'ent : 
thei-e the quantity of coaly both in tho United States 
and in Camidji, m so protligious that seveml gune- 
lationa may be ]»ennitted to hammer away at it to 
their hearts* content without materially aflecting 
the rejiidt, Yt^t even thei^e the cost of conveyance 
renders it necessary to use as little i4s jK>ssible. In 
this counti-y, on the other hand, the time has already 
come when eve!T thinking man ought to see the 
nationtd imj>oitanee of using all it»asona!de means 
for saving our supplies of fuel. The cidculations 
which have been made to sliow how long oiu' s(q>* 
plies of coal are likely to last at« so complicattMl, on 
account of the diffe!t?nt estimates of the I'atio of in- 
crease, that they ai-e unsuited for a piojadar treatise. 

It has been estimated that nearly one tenth of the 
entire area of Omat Britain is made up of tlie ctKil- 
nu*Jusult^s, which extend, it is believed^ to abmit 
11,859 squai^e miles, and ai-e divided into the two 
great classes of bituminous, and stone or anthracite 
coal. The former, it is calculated, occupies al«iut 
8^130 squan; miles, and the latter about '^,720. 

Tlie liitumiiious coals are well knn\m fi-om their 
bein^f almost exclusively used for household |uir* 
poses, Tliey may T^e readily recognised fixmi the 
way in which they cake during the pn>ee?!iH of 
combustiom Tlie next iu rank is the splint coal, 
which is lai*gely used iu forging funiacea. It does 
not cake» like the bituminous coals, but is greatly 
used whei-^ intense heat is necessary, because it 
does not burn away so rapidly as caking coah Tfie 
hint is the stone or anthmcite coal, which i*o- 
quires very intense heat for its combustion, 
and for long liaftled jdl attemj^ts to use it for 
smelting purposes. It is to the iixm works at 
Ystalyfej-Jt, anil the exertions of Mr, €\iine and 
Mr. Budd, of South Wales, that we are indebted 
for the use of anthracite c<ml in blast furnaces, 
Bir WiUiatn Fairbaini tells of a visit to the works 
of tlie former gentlemen about thirty yeara ago, 
when he was shown a s|Ktcinien of anthracite coal 
that had been subjected to the temj^emttii^ of fusion 
of the minends in a blast fumace for forty-ei^dit 
houi-s, and was only chan^ to a ib^-pth of about 
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three-quarters of an inch, the interior being quite 
unaffected. In America, the great iron-districts 
are dependent ui>on the same sort of fuel, which has 
been made available partly by the introduction of 
the hot blast, and partly by constructing the 
furnaces so as to increase the temi)erature. 

In other countries, the supplies of coal are much 
less than in Great Britain and America. In 
France it is estimated at 1,719 square miles, or 
1-1 18th of the area; in Simin, 3,408 or l-52nd ; 
in Belgium, 518 squai'e miles, or 1-2 2nd ; British 
America is sui)]:)osed to contain 18,000 square miles 
of coal, 2-9ths of its area; the United States, 
133,132 square miles of bituminous coal, or 1-1 7th 
of its area; and Pennsylvania, 15,437 miles of 
anthracite, or l-3rd of its area.* 

It would be somewhat beyond the scope of the 
present paper to explain the causes of the waste 
that occurs in almost every case in which fuel is em- 
ployed, from the domestic heaiiih to the largest 
steam boiler ; but refeiTing esi)ecially to the blast 
furmice, the reader may be able to form some idea 
of the waste that was going on forty years ago, 
before the adoption of the hot blast, which is, after 
all, but one link in a long chain of possible economy. 
Supposing all the commercial pig-iron of this country 
to have been produced without the hot blast, in the 
year 1857 there would have been a waste of at least 
12,000,000 tons of coal in the process of smelting 
alone. What the accumulated waste would have 
amounted to since that time it may be left to the 
reader to imagine. In the process of converting 
the " pigs " into other forms of commercial iron the 
gross waste that is going on at present may be 
taken as greater than at any previous period, and 
is sim]>ly incalculable. 

We have said quite enough, however, on the 
general question, tuid ^411 now give some account 
of the different kinds of fuel, and the mode of i)re- 
paring tliem. It has already been explained that 
the finest kinds of iron require to be made from the 
finest kinds of fuel ; and so it comes that charcoal, 
which Is the best in respect of purity, and has the 
strongest chemical aflinities, is invariably employed 
in the j)roduction of the l)est Swedish brands, 
whicli stiuid pre-eminent in all markets. Every 
variety of wood is cajwible of conversion into char- 
coal, but the kinds that are most generally used are 
thos4^ which, on account of their smaller gi-owth, are 
unfitt<Hl for other purix)ses; and in order to avoid 
the oxi)onse that would be incuritxl fix>m replanting, 
it is usual to employ those kinds whicli spring i*eatlily 
• Taylor. 



from the root after cutting. Accordingly, the oak 
and alder are chiefiy employed in this oountiy, 
because they become as luxuriant as ever after a 
short term of years. This period, of course, vmm^ 
with the climate, soil, and locality. In tile neigh- 
bourhood of extensive forests, wheze large trees axe 
cheaper they are, of course, employed in prefiarenee 
to the smaller timber. The common method of 
producing charcoal is by piling up the wood, whidi 
has been previously cut into short lengtha, and 
filling in the interstices with the smaller biandiea. 
The heap being then covered with clay, earth, or 
wet charcoal powder, is ignited in such a way that 
combustion is allowed to go on very slowly, and m 
as gradually to eliminate the gases that are given off 
by the high temperature. These gases, when tfacrf 
ai*e condensed, become commercially valuable in the 
form of pyroligneous acid, which is naed, among 
other things, for producing a coarse kind of vinegar. 
It is therefore of considerable importance to atilii» 
as far as possible the gaseous products whidi 
escape from the wood in the process of its 
sion into charcoal. With this object, the ' 
often placed in air-tight iron retorts instead of in 
heaps, as ali'eady described ; an arrangement that 
admits of the heat being applied from the outaid^ 
and allows the gases to be carried ofiT in iron {npes 
to the condensing apparatus, where they appear in 
the form of liquid pyroligneous acid. The charooal 
which is used for making gunpowder requirea to h9 
freed as much as possible from the volatile prodocta; 
and so the communication between the retorta mod 
the condensing apparatus has to be cut off when tfa» ■ 
cliarcoal is cooling, to prevent it from re-abaorbiag 
the gases. 

The following are the results of some experinuenti 
on the yield of charcoal from rapid and slow < 
bustion : — 



Wood. 


Charcoftl Pio- 
daoedl^Qai^ 
, Combnstaon. 


SS£ 


Young Oak 

Old Oak 


16-64 
16-91 


26-eo 

26-71 


Young Deal 

Old Deal 


14-25 
14-06 


2600 


Young Fir 

Old Fir 


16-22 
15-35 


27-71 
24*76 


Mean 


15-38 


26e7 



Tliese exi)eiiments prove the great economj of 
slow combustion. 

It 8(»ems ciuite certain that charcoal was the ftiel 
extensively used for the production of iron in the 
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[»iimitive processes referred to in the fii^ of these 
pjijH'rs , and it iilso a]>i>e«j'« that eotU was never 
thought available for the juirix^ses of smelting imtil 
it had been subjected to the same pi'ocess fu* wood, 
and been converted into coke. It in somewhat 
ditticiilt to aJTive at any exact information as to the 
liistorical seciue-nce of discovei'ies in tlje process of 
8mrltjn.ij iron and casting it into mouhls, bnt it is 
certainly to this bi^nch of the indiiNtry that we owe 
those improvements in tlie treatment of coal that 
render it suitiible for the piu^wse. The dithcidties 
that lay in the way of pi-oducing cheap and strong 
eastings Jed to the discovery of the use of coiU in 
the fomi of coke, instead of chai-coal, which was 
becoming so exjjensive, that its employment as fuel 
[rendei*erl the castings iin>saleable. 

At GrfH*nock, thei^e is a large piece of cast-iron 
ordnance which is sjud tc* have l)een recoveit^d from 
one of the wrecks of the Spanish Armada; and if this 
is an authentic account of its ongin, and supposing 
it to have Ijeen manufactmed in Spain, it |>roves 
the existence of ajjfiliances in that countiy which 
must have subsetpiently disapiieaifd. Nearly tifty 
years pi-evions to the time of the Spanish Armada» 
about 1543, a certain RaJph Hoge, or Hogge, of 
b-Buckst-eetl, in Sussex, had fict[uire*l great reputation 
for the manufacture of cast-iron ordnance ; Hiid 
"tins founder/* it is statcnl, "employed as his 
i assisttint Peter Baude, a French mtui, whom he bad 
Iprobably brought over to t^^acli htm the improved 
[methocl/* whatever that may have been. Not long 
fter, a c<»venanted servant of tlie Frenchman, John 
Fohnson, excelled his master in tlie art of casting 
orduan*?e ; and his son Thomas, in 1595^ succee<led 
in casting forty-two pieces for the Etui of Cumber- 
land, weighing 6,000 lb, or about thrtse tons apiece. 
There is no iijcord either of the exact period 
when the earlier bhist bloomery developed int4> the 
blftst furnace ; and it is quite |»oasible that the one 
uul no material influence upon tlie development of 
lllie other, as the earlier apparatiia pro<luce<l little, 
if anything, but malleable iron, and the blast 
furnace* was exclusiw^ly employed for the pixKluction 
of castings. It is ceiiain, however, that the fuel 
eniphiyed up to the middle of the eighteenth cen- 
tuiy w*is charcoid only, iind that it was the rapid 
falling off in the 8upplie*8 of tiuilxn* that led to the 
almost tot^d extinction of tlie indu8try» which, in 
U»e reign of Queen Kli7ji\ifth, had risen to the im- 
jjortjuici- af a great exj>ort trade. Special enact- 
loents had to be enfo»\>*d for tlie presei-vation of 
the fott^^ ; and the production *»f iron, which hiul 
tiimu towiuxls the end of the seventt'euth centuiy 



to 180,000 tons, was reduced in 1740 to 17^ 

tona It was this press ui-e, aiisuig from til 
scarcity of fuel, that became tlie mother of 
recent disco vei-ies and inventions in connectiuiil 
with the imn industnes of this countiy. Theit? ill 
something inexpi-essibly sjwl in the biographies a£J 
many of tlie men wdio were the pioneem of these it 
provementK, They frequently fell as victims to tlie 
prejudice and ignorance of commei^ial Philistineiipl 
who l«.Hjked upon their genius as madness and thcii 
improvements as impracticable. 

Wliile on tlie subject of fuel, llie stoiy of thi 
early struggles of the original jiartners of tli«] 
CoalbifMjkdjile Iron Works Is of s|)eciai int«*rest.I 
At another time we shall sjiefik at greater length ( 
Abi'aham Darby ami John Thouuis. who foiindc 
these works; l>ut at present we shall reati-ict thai 
Htoiy of their lives to their discovery of a cheapj 
substitiite for charcoal, wluch had Vieoome so px^ 
pensive as to threaten to blot out tlie industr 
altogether. About 1730, Alimham Darby ma<le 
ex|)enments \ipon nrixtm'eii of raw eoal and chsr 
coid for the production of iron castings, but they 
completely failed. This led to his conceiving the 
idea of Bul>jecting coal to the same procoss »a wo 
when converting it into charcoal, ami with tlini| 
object lie annmged a hearth in the ojwn air, uji 
wliich he piled a motmd of coal, and ooveiing il^ 
with clay and cinders, igidted the heap, allowiiigl 
just sufiicient air to l>e adndtted to keep the com- 
bustion going on as gmdually as i>ossib]e. Tlial 
result was a stack of good coke. In applying hitl 
newly^liscovci'e<l material, he himself spent six J 
days and nights on the top of his furtuice, taking nai 
regular sleep, and having his nieals bi-ought to hini;| 
and when at last the ex}>ennient suecoedAd* juuI thtl 
i\rm began to ))Our, he fell so fust aslef^p that hiii 
workmen could not waken him* It is said he irj»t J 
taken home a distance of a quarter of a mile in A J 
state of installs ibility. In connection witli Abniia 
Dai'by's ventui'e, thei^ is the somevrhat nncnminoKl 
accompaniment of great success which ft>llowp«lj 
shoiily after his 6tTit ex|)6nnient ; and it is plcnKiD^I 
to add that the descendants of Uic two origtnnl] 
partnei's worked together for more than ODO hv 
ye(tr8, futhftd to each other to the hijst. 

The discovery of c<:»ke as a sulistitut^ for chanxMl 1 
revolutionised the ai't of casting in ii\>n, althcnijfb 
for long every detail of the process was kept lui 
six^ret iis possible^ Mnth bari'ed doot^ and V>.ih4'<[ 
wimlowH. It was the almost univ«trHal suK^titiit^t ] 
for chaic^wd until the inti^oiluction of th« hot blciM, I 
winch ivudered the use of raw coaI a €lic«|)rr and ' 



IRON AND STEEL— FUEL 



79 



iDOitf prHcticalde mode of obtamiiig pig-irou from the 
i'ljrude iron. In castings where the pig-iron is poured 
mto mQu]Js, coke in Ktill uiiivei-siilly used. Tin* im- 
provements i-eferred t«3 in prodocing chareoiil have 
Veen inti^oducetl, in a moditiwl foiTn, for convei-ting 
naw coal into coke : that is to 8a j^ that instc^iid of 
Imrning it in a heiip, aa in the ease of Ahiiiham 
Darhy'ft fii-st experiment, it is put int^) close ovens, 
by which a great sa\iiig is eti'ected, amounting in 
most cases to fully twenty-five per cent. 

In aildition to coal, which is now the fuel 
almost universiilly employed, it will lio well to say 
jcmiething of peat, which is almost the only tndi- 
genous feotu'ce of • ai'tiiicial lieat in Iivlaml and 
some districts, such an tlie North of Scotland In 
Ireland thei-e are great deposits of iron ore, sttch 
AA those at the Arigna mines^ and tlie Kidney 
ores of Balcarry Bay, though they have never 
liecxime of any gi-eat commercial itu|Kjrttince, owing 
to th0 absence of the fuel necessary for smelting 
them ; but it apjiears that |ieat, which is the 
QtttunO fuel of the country, when cbied and car- 
bonised, IB jMJCuliarly well aila|*ted for reilucing 
them. Sir William Fairbuiru, who wjis one of the 
greatest authorities on the suhjeet of iron manu- 
Ikctum, spoke, in 1869, in the most sanguine manner 
about the proHi»ects of Iix-Iaud ; hut it se^^m^ that 
tljei-e ai^ many dithculties in the way of introtlucing 
pf?at as a substitut4j for coal, on account of its tight- 
and friability, and also from the expense that 

list be incmTed in drying it and pressing it into 
ik form that is available for t!je inti?nse temiiemtum 
of the blast furnace. The author ivftuTed to ijuotes 
a Itftter, which he received fj*om Mr. M*A11, who 
liad devoteil mut-h of his attention to the subject 
of iron ores in Ireland. He say.s : '* I have sent 
you two sam[>les of iron ore : one is the red, the 
piher the purjde htematitc. Hiei'e ai-e stmta which 
inexlmustible» and the ore can be I'aised and 
^3eIivrrrHl at the furimce for less than a shilling a 
ton ; the peat or vegetable carbon is e<niidly cheap 
ftUd abundant. Limestone, of the purest <]uatity, is 
jUho close at hand, and can be delivered at the 
funuioe at nine|ience |»er ti>n. On account of the 
purity of the materials, iron of the greatest stiTUgth 
and ductitity can be ujHd*% which, from its non- 
liability Ui coiTode, would be admiiiibly adapted foi' 



marine pui^poses." The aiuiguine expectations sug- 
gested in this sentence, de^iending as they do ujain 
the use of |>eat as a fuel for smelting iiiui)Oses, have, 
unfortunately, never been iXfalised. During what is 
now known as the coal famine, which occurred in 
1873, great importance was attaclied to the use of 
peat as a substitute for coal, ami many ex|>eriiueiits 
wei*e made, on an extensive scale, for drying and 
oompresaing it, so as to economise the cost of con- 
veyance and add to its heating qualities, but none 
of them have survivetl the test of experienc?e. It 
is therefore to be feared that until tins problem is 
solved the ii'on ores of Ii^land must remain imre- 
munerative. In 8i«?aking of |*eat, Sir William 
Fairbairn says that ** when it ia oouipressetl in 
hydnuUic ]n*es8es, it loses two-thirds of its volume 
and two-lifths of its weight through the exj^ulsiou 
of water. It is iised for smelting ii'on in the 
Vosges, Bavaria, Saxony, and Fmuce, The yield 
of charcoal from |)eat is never moj*e than 40 j>er 
cent ; but the protlucts of fiistillatiou are some- 
times collected, and foiin valuable articles of com- 
merce." 

It oidy iH? mains for us to say that the same 
remarks that apjily to tlie other forms of fuel, with 
regard to tlie essential element of puiity, aj«]ily 
eipudly to coal. It is said, whether truly or not, 
that the famous brands of malleable ii'on, kiio^vn 
as Lowun.jor, Farnely, and Bowling, depend for 
their value and reputation, not so much on the 
purit}' of the oi*es as ujwn the 8U[>erior chai'acter of 
the cotd witli which they are treate^l. T!ie Low- 
moor iron is said to be manufactured from the 
'* Belter Imd coal," which contains a smaller per- 
centage of sulphur than any other coal in 8taffi»nl- 
ahii'e ; but the bed is so thin iliat Di\ Percy, in his 
well-known book uj-mju the metallurgy of iron and 
st4.^el, comcH to the conclusion that it is quit:? in- 
auflicient for the mauufactui-e of all the iron that 
goes out under the faimuis Lowuioor bnind» and he 
thinks that its sii[>eriurity really dejjenrls upim the 
care tliat is taken in eveiy detail of its manufacture. 
Sutficient has been saiil, howevei*, to pix)ve that in 
coal, as well as in all otiier fortus of fuel, freedoii* 
froru itnptUMties is an essential conditiou of its 
value for producing the finest qualities of com- 
UM^rcial iron. 




WALKING nortliward from Braclfoixl, the p6- 
tlestrian lias Nab Wootls anfl Heaton Koytls 
tin Ids left, and on the dexter liuufl rises a ridge that 
hid 08 all to the north but a fiiiige of wood and the 
far-off blue sky. Presently, between three and four 
miles from the town, the road sweeps over the cre«t 
of this liarrier, and before him ojtena out one of 
the jji'ettiest fianonimas in that part of Yorkshire. 
Lying snugly on the southern ridge, backed by a 
rurtain of green, is a pi-etty stone-built town, its 
white liouses gleaming in the sim ; and lower down 
the valley thei'e winds the shining Aire, one of the 
tri!iut4irie8 of the Ore«t Ouse. Beyond that agiiin 
Shfpley nleeps in its eup-like hollow ; and away 
towMrd.M the horizon are Baiklon, or Baixl's Hill, a 
lelic uf uur I)n»idical ancestors, and Baildon Moor. 
To the wentward, Bingley nestles among her woods; 
nnfl up the valley there aif the smoke and bustle 
of Keighlry, near the nigged bleaknoss of that 



famous country* - house where the fieiy- hearted 

authoress of *' Shirley " and ** Jane Eyre " first saw 
the light. 

This white stone-built toi^ii iimnediatily Wlow 
us is called Saltaire, after its founder, Titus 6a1l 
Three chief buildings in it at once arrest attention 
— the schools, w*hose facade and pi-etty fir»wpr-giii\lm 
in fjt)iit are neai-est ; the chuirli, with it* fine jiortioo , 
and pretentious cufxila, doMm by the side of the 
river ; and, farther to tJie right, a huge block (/ 
buildings, six storeys iiigh, with a s(j|uare. belbllke 
tower, some two hunclred and fifty feet in altitutif, 
from whose top cuil silently but eontiniioiisly 
wTeaths of dense smoke. As we stand busiJj 
scanning the scene, the ehmging of a bell bn^ks 
the prevailing silence^ the ginnit gates of this build- 
ing are flung Imck, and a stream of mi^n and wotmfci j 
poui-s out, and continues to flow on till all the strweto 
of the town arc ci-owded, «nd one iK^gLiis to wonder . 
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whetlicr the busy tide of life will ever oease flowing. 
It is in some souses a remarkable throng that one 
nuiliing aloii^ ihei^, First of all thei-e are an 
rident neatiics>i and cleanliness al:K>nt every in- 
dividual in it, bt?tr>keniiig self-i*espect. Then there 
is tluit ail* of cotufort and hupimiesa on the faces 
never seen on those of the idler and tlie drone. 
Murmurs of convei^ation, intenningled with merry 
ffJBftla of laugh ter^ float to wards tin on the breeze, 
and we can see the younger members of the living 



brain and a kind heax-t. Tliough lK>th now lid 
mouldenng in that mausolenni beside the churcli^ 
tliei\> is among this jjeople, whom Titus Salt brought 
together, taught, trained, and benefited, a keen^ 
thankful memoiy of a gi^at ^'^ captain of industry/* 
upon wh*)§e like the world may seldom look again. 
All this h the outcome of a certain journey to 
Liverfiool in the ye^r 183G. It l>egan in SUsbridge 
Lane, grew through Brick Lane, Union Street, and 
Fawcett Sti'eet mills, till the thriving town of 
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Saltatrs Wores. (Ffom a P^yfOj;raj«^ by Mifsn, Am^Uion nw^ to., hrndjord,) 



sk^eam aeiztng the opportimity of the walk home 

Iq indulge in juvenile ganiljob and good-natured 

Not until fiorue four or five tliou84\nd 

\ have tiled past us are the gi^at gates abut 

agauif and when each workman comjK^mg the 

t2&rong has closed hii> owti cottage door l>ehind liim, 

one fancies the scene ha.s for awhile been fx-oiiled 

L by a dream* 

I Altoiit a quarter of a century ago this thickly- 
I populated town had no exiBtence, and where rows 
^kflf Imiaei now stand there grew tite short green 
^QPliH^ II aprang u|i, like the jmhice of Alait<1in, 
— ^— tlie [jowei-ful hand of a goo<l genitts, and 
there now a lasting monument to a bu^y 
11 



Bi-adfoid was too small to contain it, and, buratrng 
tlie eoi-pomte ciix;le, it ex|ianded itself here in pretty 
Aireilale. The tii^st stone ui tlie great al|RicH-to\ni 
of Saltaire was laid by Titus 8alt in 1851, and 
twenty years later the last building was completed* 
It may not l»e jimi.sa here to jot down a few paiti- 
culat^ coneeming the builder of this town. Sir Titus 
Salt waw lx)m at Manor HoUHe, near Waketielil, in 
1 803* Soon aft^rwaitls his father i*emoved to Bn^d- 
ford, where he began business »is a woobstapler, and 
gained considemble notoriety aa a keen man of 
t>u.siness, and yet honest and clear as the day. 
When he airived in the town ita population was 
some sixteen thousjuiil, and its wool industries 
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were then in their infancy. It was overshadowed 
by the great town of Leeds, only a few miles 
distant, and had to struggle to keep pace with its 
big rival- But there wei*e a few men in the smaller 
town who were determined to stand by the place of 
their adoption, and to i-aise it into a greater position 
than that occupied even by Leeds itself. Richard 
Fawcett, Matthew Thompson, the brothers Horsfall, 
Rand, Gamett, the Ackroyds, and the Salts, father 
and son, were each hosts in themselves, and before 
many years had elapsed they held theii* own with 
their neighbours. Nor was it long before the great 
men of Leeds awoke to the fact that they would 
have to look to their laurels, for, whether as wool 
meruhants or manufacturei-s, the Bi-adford men 
were running them so close that it was doubtful 
whether after all Leeds was not destined to take 
the second place in the West Riding of Yorkshire. 
Young Titus Salt went into his father's business 
much against his will Had he had his own way 
he would have essayed agiiculture, for that was his 
beau ideal of a profession. Circumstances, however, 
were stronger than his inclination, and he had to 
learn by hard knocks and rude rubs how to buy a 
l)ack of wool, and how best to get rid of it to 
advantage. In his twenty-first year he became a 
partner in the firm with his father. He was a tall, 
rather handsome-looking young fellow at this time, 
and he very soon gained a fair reputation for his 
business capacities. So when, in 1834, he started 
for himself as a spinner in Silsbridge Lane, many 
of his shrewd, kindly neighbours predicted a great 
future for him. Indeed, about this time, no wool- 
stapler or spinner required any other testimonial 
than that an a})plicant for a situation within the 
W(»8t Riding should have been employed by Salt's 
firm. Being a Radical in politics, young Salt 
thnjw himself into the agitations of the Reform 
movement, and iKjfore the MuniciptU Coq)orations 
Act jMussed he was acting chief-constable of Brsid- 
ford. On its incor|)oration, he was at once elected 
aa the senior alderman, a position he held till he 
was niLsed to the mayoralty, in 1848. Meanwhile 
lie hail l)eeu placed on the borough and county 
l)enche8 as a magistrate, and he afterwaixls rose 
to be dejputy-lieu tenant of the West Riding. In 
the ^neral election of 1851 he was strongly pressed 
to allow himself to be put in nomination for one of 
the lK>rough seats, and so far acquiesced as to issue 
an addrc^ss to the electors ; but he retired before the 
polling-<lay nither than split the Lil)eral vote. He 
wa«, however, returned to the Parliament of 1859, 
but resigned on account of feeble health, in 1861, 



when Mr. W. £. Forster, himself a manu£Actiirer 
of great repute, replaced him, and England got its 
national Education Act Mr. Salt married, in 1829, 
Caroline, daughter of George Whitlam, Esq., of 
Great Giimsby, by whom he had issue seven sons 
and five daughters, nine of whom survived him ; and 
in 1869 her Majesty the Queen created him a 
baronet by advice of Mr. Gladstone's Administra- 
tion. He died — and it is no flattery to say it — full 
of honours and universally esteemed, on the 29th 
of December, 1876, almost on the same day that 
another benevolent and great-hearted pioneer of 
commerce, Mr. George Moore, of the firm of Moore, 
Coi)estake, and Co., of London and Bradford, was 
called to his rest. 

Such, briefly, are the outlines of this remarkable 
life. Considei-ed from the point of view of a wise 
philanthropist, he holds i)08sibly the very highest 
position in the north of England. His purae was 
ever open to the call of the needy and the friendless. 
No local or national institution ever appealed to 
him in vain. He was, however, specially interested 
in the elementary and higher education of the youth 
of the distiict, and his earliest benefactions were 
bestowed on these objects. At a time when learning 
was thought to be out of the reach of the poorer 
classes, he was founding scholarships in the Brad- 
ford Grammar Schools for boys and girls, and long 
before the name of W. K Forster was oonnected 
with the great scheme which became law in 1870, 
Titus Salt had conceived the idea of founding 
schools for the children of his work-people, and 
scientific and other classes for the work-people them- 
selves. Education, indeed, was one of his hobbies, 
and two of the finest institutions in Saltaire are 
dedicated to this object 

When, in 1844, his name was very little known 
outside the circle in which he lived, and the 
merchants with whom he dealt, her Majesty the 
Queen, who had heard that the new fabric called 
alpaca was beginning to come into vogue for ladies' 
toilettes, and who had a couple of sheep of the 
al|)aca breed in the home farm at Windsor, sent 
to Bradford two fleeces to be manufactured into lus 
notable cloth. Tlie Queen has always been not 
only a leader of fashion, but the first to commend 
virtue and honour whei'ever they have lieen 
brought to her notice, and no doubt Mr. Salt felt 
highly gratified by royalty taking note of his 
labours. The fleeces weighed IfiJ lb., and when 
combed and sorted yielded 1 lb. of white and 9 lb. 
of beautiful black wool. Salt did his utmost to 
please his illustnous patroness, and he surpaned 
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liiQiaelf in the products the wool yielded. He wove 
an apron, which was a marvel of tinenesa and 
gloasiness ; a striped figured dress, the warp of 
which was rose-col oiii'etl tiilk, the weft white al]jaca, 
and the flowei*8 thn>\v^lupiB the pattern alternately 
in one materiid and the uthi^r. Probably tbis wai^ 
the fii-st time in England wbei-e the protUict of the 

inese cocoon and the fleece of tbe Peruvian 

luntain camel were brougbt iiito conbict, and it 
will serve U> .sliow the strides that harJ Ijeen taken 
in Salt's works, and the progiess made in alpaca 
manufactiu'e since 1836. There was also a plain 
ih\^SH fifteen yai'ds in length, for which only 2 J 11 ». 
of alpaca were use<h A fouitb ailiele was a plaid 
aJpicu dress of the same length, a great novelty in 
thobt* days, in which the white and black wools and 
lustres wei'e sjileiididly blemJed, and so fine that 
there wa.s considenible difiiculty in telling whether 

was not entirely woven of sdk. Thei\^ wiis also 
lien alptiod dress among the articles sent back 

Windsor, so tbat we iniiy see from these curious 
facts that Salt by tlie year 1844 bad so extended 
the processes of preparing and weaiing, that he 
could at will produce tlie finest and most exqiusite 
material a fjT*m alpaca, in combiiuition with cotton, 
woo]^ or silk. In eight yeai-s, therf-fore, he had 
done what all bis predecessoi*s bad failed in accom- 
plishing. It may be added that these articles so 
charmed her Majesty that fashions were revolution- 
186(1, and tlie alpaca manufiicture received an 
impetus which can-ied its staple into the first place 
among new Iiome jaxxlucts, 

Feimateuce in a course once entered upon was 
at the root of the success of Titus Bait. He might 
hesitate long l^efore taking a tbing in hand, but once 
he took it up he never let it go till it hAd yielded up 
Its secret, and served its purpose. Indeed, it htia 
been said that he frequently worried bis architects 
mnd machinists to the verge of despemtiou, for he 
wa» satisfied with nothing abort of perfection, 
•nd pared and polished Itttle deftficts till they 
Viecame a^l vantages. With him, indeed, as with 
nature, thei^ was no such tbiiig as a tritle, and 
^1 tliat left bis hands htul reacki^] the 7ie pfn« vUra 
Off finish. This caused bis [ibinn sometLmes to Iiave 
the air of slowness ; but as soon as be was satisfieil 
with the design, he astonished bis sulj^ijnliimtes by 
IImi eagerness with which be awaited tbe ctji¥ii>lete<l 
IMolt Whether in a building, a macbine, a new 
p pooe ai of manufacttm?, or a jirojected vjuiation In 
KMtie department of bis works, nothing be evei* took 
in hand failed, iH/eause be biouglit to it tbat prime 
element of success — tbe dogge Jness of pui-iiose which 




would not !« denied. In bis case, as in that of 
most groat lejidei-s in national industries, what was 
most ebafiicteristic and strikijig was not so much 
tlie amount of genius be brougbt to bear ufxjn that 
wbicb engaged las atU^ntion, as tbe amount of 
\igilance he expended ujnin it. Tlieu h<^ w*is 
essentially a silait man — one Jifter Carlyle's own 
heaj-i^wbose ambition it was not to tiilk, but to 
do. He wiis all bis life long a wi^^tler witb nature, 
and he learned one of her best seci'ets. Hbt^ labours 
silently. Neither the revolution of the spheres 
nor tbe gi-owth of a blade of grass are beard, but, 
for all tbat, tbc^y produce witb unerring surenoss 
tbeir apj Pointed resulw. His haVut wjis to turn a 
thing uvei- ami over in bis mind till be had seen 
it in all its parts ; to look into th*^ beait of it till lie 
found what it was cajmble of doing, and, wben be 
was satisfietl that ills eJitinmte wtis right, and tbat he 
Inwi tliuvigbt out its Iddden possibilities, to sttt to 
work upon it, and make it produce that which 
natin-e or art intendetl by it. One of tbe dogmas 
of his creed — and they wei'e compamtively f{*w — 
was " in tbe hearts of men, however overgixiwn they 
may be by a tangle- work of evil wecxls, tbei*e Is still 
synipatliy with tbe l>eautiful and time." And he 
set himself to find tbe one and the other everywhere. 
It will be seen, tberefoi^, tbat 8ir Titus Salt was not 
only a great industrial captain, a successful manu- 
factuTOr and merchant, but a social n^foiTuer, and 
moi"al philanthropist. It may Ix^ saiil tbat be 
retii*e<l fi*om active life just as his social icbnus wem 
realised fricts; and his fellow-citizens of Bmdfotd 
marked their sense of his wortb by erect in jij a 
statue to him, in 1874, in front of the new Tuwn 
Hall hi Market Sti*eet 

Saltaire, the town be reai*ed as the gi'eat seat of 
the alpaca manufacture, covers an ai-ea of over 50 
acres, and provides accommixlation for nearly 5,000 
al|mca- workers and tbeii* familifss. It consists of 
22 streets, oi>ntaining 775 honaes, l>esides 45 alms- 
houses for the aged. The streets aii^ wide and 
regular, tbe facades of tbe honst^s neat, and tbe 
interiors fitted up wxih. every accomnirjKbition. The 
ijatbs and wash-bousen, which stand al>uut tbe centre 
of the town, are a great public coinenience» 
Labouring men know the misery of W4isbing-day 
in a small cottage; bnt tbe inhabi taints of Saltaiit? 
ait^ free fmm tbis domestic pbxgue. Tbere the 
working man's wife takes ber clothes to the j>ublic 
wash-house ovemigbt, and pi^par€js tbeni. Next 
morning sbe fijids tbe tbret* 8t<?iini-engine8, with 
tbeir stt?am up, if^idy t^ drive tbe washing-machines. 
Wben wiusbed, they are ti'ansfen^l to an inmiensu 




juid it 18 made to i-evolve very rajncHy by a shaft 
firivfn by steam. The clothes, placet! in it qxiite 
wi*t, i\rt* tlnvt'ii against the siden of tin? trough with 
great force, ami cling tighter aiid tight<?r afl it nishes 
roimd^ ao that the water is aqueeze^l out, escapes by 
the holes, and is carriecl away into the sewnge-pijies. 
Bv thin means a tubful of clothes is wrung alinost 
dry in a few seconds, ^vithout any lalr»our to the 
WA&herwoman. Next, stretching them on " horsea," 



and m\ excellently fitted Tnrkish bath, fc*»* ^^^'^' 
who prefer that luxiuy, 

"Cleanliness is next to godlin*^^ " the old na^* 
says, and Titus Salt did not for^»t die i^piritW 
needs of his people while provitling sanitatioEL 
Down by the side of the river there stands a fin^ 
chnrch in tlie ItJilian style of ai-cliitectnret auT^ 
mounted by a noble eu}H>k, the interior of whidi 
is decorated in the highest style of art The 
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«tructiire forms one of the finest specimens of this 
«tyle of architecture iii the kijigdom, and cost 
nearly XI 7,000. Tlie Congi-egatiomU form of divine 
woralup is celebrated here. At the other end of the 
town stands the Wesley an Chapel, opened in 18C8 j 
and witJiin an easy walk there are pttrisih chiiit^hes. 
An Independent himself, Sir Titus Salt gave fi'eest 
aoojie to the religious opinions of his ]>eople. 

The other public builtlings are — the schools, 
pro%'i<ling accommodation for 750 children, which, 
ides a well'^^t-ed gymnasium and ample play- 
id, have gartlens, whei-e flowers bh>om all the 
j€!ar ixrnnd; tlie almshouses, constructed for the 
rece]jftion of 60 aged [KMDr, in wldch, to save the 
inmates from climbing stairs, the rooms are all 
jiminged on the gromid floor ; the infirmary for the 
sick or maimed, with a staff of j«ii<l physicians and 
xiui*ses ; the club and institute, with a goo<l lilimiy, 
billiard, bagatelle, card, smoking, and conversation 
rooms, a liberally tilled chemical and physical labo- 
mtOTT, art, chisaieal, and science schools ; a theati^ 
iot public lectures, exhibitions, and entertainments ; 
M gymnasium for the lovers of athletics, a drill-shed 
for the Saltfiii'e Volimteei's, and a band-room for the 
practice of musia Besides these conveniences, 
fxe lavatories and all necessaiy offices ; and a 
»lresliment^ludl near the works, where sub- 
stantial and wholesome meals are provided at very 
chesip rates. All the advantages of the club and 
institute are provided at meiely nominal charges, 
inmate of the almsljouaea has a pension of 
6(L per w^eek — the maJTied couples, who are not 
i in their old age, being alloweil os. extra j 
and attachetl to the l>uihling is a neat chajH?!, for 
the use of the old folks who might not be aide to 
walk 80 far as the public places of worKhijJi Down 
by the banks of the nver Aire, a yilot of ground, 
li acres in extent, was some yeara ago opene<l 
as a public park, pai-tially laid out in gardens, and 
attached to which aje a cricket-field for the youths 
and men, a croquet-lawn for the ladies, and a 
bowling-green for lovei-s of that sjioi-t, 

Saltaire, in a word, is a tiny industrial cosmos— 



self-contained, self-BU]>ixu'ting, and self-sufficing, Its 
architect forgot nothing, overlooked neither age nor 
sex in his plans, and provideil for the shelter, comfort, 
health, recreation, and instraction of all who should 
become its citizens. Kents aiB low*, taxes niotlerate, 
work constant, wages high : it is a soit of working 
man's paradise. One thing alone is wanting — but 
that Sir Titus Salt looked upon as an unnecessary 
luxtiry, l>esidesa demomlising institution — a [niblic- 
house. Thei*e ai*e cellai-s in every house, where a 
man nmy have his cask of beer ; but no place for 
lolling over a bar, no tap-room in which the druidcard 
may hide from wife and children. The restdt is 
tliat 8altaire has a low death-rate, little if any cxime, 
and peace and prasperity within its wails. The 
idea ivhenoe it sjirang w^as noble, and the exalted 
hope with which the ijumense outlay •was undeiHaken 
has l:»een completely i^ised. 

Nor have the i>eople for whom the emjiloyer and 
benefactor did so much been ungrateful. They 
aided in canying the scheme to perfect success by 
ec<:)nomy, sobnety, and gcK>d behaviour. Few men 
or women there are ignorant of the masterpieces of 
English literatum. ^lany are w^ell versed in science, 
mechajiics, and languages* All the children have 
had a sound elementary, and some of them a liWi-al 
higher, education. Sickness is diieily the result of 
accident or old age, and in either ease tliei^e is ample 
prolusion made for the needs of all ; while the chime 
of Ijeils in the clmi'ch cujxda sounds constant invi- 
tations to a higher spiiitual life and nobler aiuiS. 
Saltaire, indeed, is one of the bapi»iest and simniest 
si>ots in England, ami its people have more than 
oiice given public utterance to their feelings uf 
gratitude for its founder. But, after all, it is in 
the hearts of the people that the memory of Sir 
Titus Stilt lies enshrined. To say that they are all 
** hero-womhipi^ers " in the truest sense is to give 
them less than theii' due. So long as one stone 
of the town staiuls upon another, or one heo.it Ijeata 
in the breast of thwse who call it home, it muat 
he emphatically said that Sir Titus Salt will need 
no panegyiist. 



HEALTH Amy DISEASE m mDUSTRIAL OCCTJPATIONS.— II- 

INFANTS, *' HALF-TIMERS," AXD WORKING MOTHERS. 

By W. Goedon Hogg, M,D., tATs Senior Fhehihent or the Rotal Medical Society, EDUfBraoK. 

A GOOD constitution repi^esents the most valuable nees, may be ultimately traowl most of the special 
part of the worker's capital. To the want of diseases found among the labouring classes. The 
this endowment^ which gives |>ower to resist sick- first few yeai's of life generally determine the 
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physical well-being of all animals, man included ; 
once give youth a fair start, and it can contend 
against the destimctive agencies of natufe with some 
jirospct of Bxiceess. Let us therefoi*e inquii*e how 
the infants of the industrial classes are reared. 

It is a charge not tinfi^pentlj brought against 
tills section of the community that they pay more 
attention to the up-bringing of their bull-terrier 
" pupe " than to the welfare of their own oifspring. 
Even though this were true, we must admit that it 
is not a failing peculiar to the working daises alone. 
The country gentleman, for example regards kis 
holies and hounds with an anxious eye, and their 
inanHgement often occupies the chief portion of his 
thoughts and conversation. The clotliitig and food 
of his children are frequently to him what the world 
generally was to the jackdaw on the steeple, ** of 
no eoncei'n at alh" A mother moving in high 
society hits duties which are too frequently con- 
sidereal supei-ior lo the claims of the nuraejy. Bhe 
accord iiigly delegates the eai-e of her infants to a 
nurse who is supposetl to tmdei^tand and miiiLster 
to their wants. In truth, the pei'sonal inteiiest of 
all clai«es» upper and lower, in thtdr infants, is 
much alike. Tliei-e is, however, this to be said in 
excuse of the manual worker : he cannot afford to 
liire a gootl nurse, and his wife has often to leave 
her babe for the ptiq>o9e of helping to eke out the 
maintenance of the family. B^uxing thi^i painful 
necessity, medical men who practice amongst the 
poor will retuiily testify that their childi^n are the 
olijects of more direct iiersonal patent al care than, 
as a rule, ai'e the children of the aj'istocracy. 

But, unfortumitely, when niarrietl women are 
engaged in employments which necessitate absence 
from liome during a gi-eat part of the day, their 
babies must be left in charge of a ** care-taker." 
This habit is doubtless attended with the most 
disastroiu^ i-esults, as may l>e shown by citing the 
great infant mortality in industrial centres where 
the custom prevails. In all England and Wales 
the annual death-rate amongst chiJdi'en under one 
year of age» from all causes, is 18 i>er cent. We 
find, however, in manufacturing towns the following 
startling contraats as examples. In Liver|x>ol, tlie 
infant death-rate per cent, is 30-.'> ; in Leicester, 
2(v7 J in Preston, 26 I ; in Leeds, 25 6 : in Man- 
chester, Sfrl ; in Biiidford, 23*7. In 155 districts 
^here infantile death rates are great and abnoi-mally 
in excess, we notice that manufactures ai'e canied 
on, in which women are gi-eatly employed. What are 
the causes of tliis Hei*odtan slaugliter, which one 
rnU/lit wi4l wish to be of the merciful speedineas of 



that ordered by the Roman Grovemor? Thea^ chil- 
dren not only die, but their death is usually the last 
stage of an agonised life, starvation being the chief 
cause of the mortality. There can be no doubt that 
the vast majority of these untimely deatlis are due to 
the fact that nursing mothers, who, both for their 
own and their babes' sakes, should be kept at home, 
resume theii* employments much too soon after ' 
child-birth. Their children, whilst as yet sucklings, 
are left in the hands of "care-takers," to whose 
houses they are carried early in the morning, and of 
Doui-se exposed to cold on the road. It is a trying | 
task for a stnmger to have patience with most' 
infants, and this itu^ virtue can scai'cely be ex|M?cted 
from an underpaid hireling. The children thus put I 
out to nui-se for the day are fed on " bread jsabs " 
or boiled bread, artificial footls of various kinds, and 
a minimum of milk, if any at all. IndigestioiiJ 
soon sets in. and the *' cai-e-taker " is imtated byl 
the wailing and whimpering it produces. RecourNol 
is then had to the ** soothing cordial," " whiclil 
makes a desolation and calls it i>eace." Numlier 
of the babies thus dosed by the *• care-takers " never ' 
awake from this nai^cotic slumber, and in such < 
the doctor, if he be ** very imrticular," may refuse a 
certificate of death. What follows? To mrt 
exfiense iind possibly time, the coroner miikes Inii a 
hasty investigation, and may even depute tlie polio 
to institute a few inquiries into the respectrtbilit 
of the dead child's jiarenta. On being satistidd 
reg?inling this point, he pit)l)ably goes no further, 
thus leaving the real cause of death undiscovered. 
The infant's life is most likely insured in one or I 
bmial-chibs for the uiaximum allowed by the law, 1 
namely .£6. But an iiifimt's funeral can be managed 
for aliout £1 L5a ; so that a balance of £A 5«. 
accrues to the pai^nts as the result of the Ghild*Bi 
death— a point worthy the attention of states- 
men, sanitarians, and social refomiera gew^rally. 
Not less significant is it to note what are the most 
fatal diseases of the diildren in industrial ceDtroL 
Tliey are — convulsions, diarrhcBa, and atrof^r, i 
ailmentfl, that is to say, which are generally induced | 
by impi*o|>er feeding ; atrophy or wasting Wing 
simply due to starvation* Amongst such tnfnnts i 
measles, too, are very fatal, as also diaeaAes of the j 
lungs, jjointing to the deatlly efifect of early expoaure 
to cold on ill-fed auoklings. The motlier who 
letives her o ^spring thus to perish doeia not eaapo 
unscathed. By resuming work too soon after liiTj 
l»aliy is born she often suffers fit»m gmve dliortkral 
which it is heit* umiecessiiry io spetT 
One may, however, go the length of 
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tendency to debility and faiutness ia engendered^ 
which, for the moment, ma}-^ \ni relieved by the 
use of alcoholic stimulants » and thus tlie Jii^t step 
to habitual indulgence is often taken- 

What remedies can be found for checking these 
evils ] Amongst the tij-st and most obvious tliei*e 
may W mentioned morid bwahion and good advice 
given to the |>oor by tliose to whoiu thtjy naturally 
look up. III this connection we may m\y that it is 
to be regretted that one doew not tind more interest 
shown by the wives and ilaughtcrs of umnufactui'ei's 
IB the well-being of female employees. Many of 
these huUes are endowed with restless enei-gy, and 
generous, if vaguely ^lirectedj enthusiasm for social 
reform, wldcli ndght easily End fit scofie for work 
isi such a field as the one we now indicate. A 
sipod example has been set them by another class 
in the community. In itiral districtH the noble- 
Dxatis or squii-e's family pay no small attention to 
the labouring [jeasiuitry, and they citato amongst 
them much k bully feeling, and many finn bonds of 
jittAchment by such missions of meixiy. Another 
remedy is the establish mt*nt of public nurseries 
ander pro{>er insjiection and suj>erintendence. At 
Stepney, London, E,, a crenlie has Ijeen established by 
Jirs, Hilton. whei*e nearly 130 infants are received 
^arly in the morning, ied, nursedj and amused till 
the mothers return to take them home at night, 
Tliese families ai'e sparer! the necessity of rec<nving 
parish relief, for the mothers can, without anxiety^ 
leave tliem wliile working for their support. The 
elder children, too, are set at liberty to attend school. 
A payment of twopence a day is made ; and the 
randts have provM what incalcn bible Iw^nefits 
flow fi'om Mi-s. Hilton's model nui-sery. Other 
towns, such as Plymouth, are following this gootl 
example, but no l*etter institution of the kind 
eadsts thiin that foundetl by Mrs. Hilton, as a visit 
to it will at once show. The creche system » which 
originated in Belgium, pi-esents a fe^isible solution 
of Uie difficulty with which working women have 
to cont*"nd in rearing infants, and it would i>e well 
if it were carried out in aU manufacturing t^^^nis. 

As a 0101*6 cei-tain prevt'utive of infant mortality 
in the industrial classes, I should suggest that the 
Legislature might prohibit women in factory districts 
from resuming work till two months after child- 
bii'tli. They would then, jiliysically speaking, be 
better fitted for toil, and their babies would, from 
«ight weeks* nursing at the outlet, have a fairer start 
in life than most of tliem get now. Next, it should 
not l>e allowed that infuntile lives may be insinvtl 
np to £6. Tills privilege, as it now exists mider 




legal sanction, simply means, in certain painful caseSj 
putting a premium on the praduction of dciith. A 
maximum of j£2 would suffice to cover all reasonable 
funeral expenses, and leave nothing over ** to com- 
pensate for the bother." Piirents would then either 
not insure the lives of their children at all, or they 
would be more careful to prevent then- dying ; at any 
rate, they would have no pecuniary intta'est in their 
burial. FiuiJier, the sale of narcotics under cover 
of patent stamps shoidd be discouraged. If pro- 
tection be atfortled to patent medicines, the exact 
oom^KJsition of the nostrums should be stated on the 
label, so that those using them need have no doubt 
as to the nature of the drug they are in the habit of 
buying. Finally, a more rigid inquiry iuto the ciiuses 
of all uncertified infantile deaths should be made, 
and medical as well as police evidence exhaustively 
taken in every case. Should these suggestions ever 
be carried out, a nuirked improvement in the health 
of our industrial oj>ei*atives will i-esult But a cau- 
tion to future statisticians must be noted, \Mdle 
strong children, wi.rll tended, will develo]> into robust 
adults, weak iiifants, who would perish under exists 
ing customs, will probably, by wise health -pmtecting 
legislation, be spai*ed to a somewhat feeble maturity. 
Hence we may one day he^ir the cry of degt'oeracy 
of i-ace go fortli, when, in fact, abounding instances 
of defective vitality will be due to tlie triumphs of 
sanitary pi-ecautions in i>ast yeai^s. Investigtitoi^ of 
the present day shoidd recollect that the survival of 
the unfit (even now to some extent) goes on side by 
si4le with the in^e^lominance of the fittest. 

Let us now turn our attention to " half-timers," 
who have sucoessfidly '^ nm the gauntlet " of six 
or seven years of fieri Is on every side. To what 
extent do they depart from the aveiiige standai^d of 
health \ There csm be no doubt that the young 
of the human 8]:>ecies should, as fai* as possible, 
be emanci[wited frum continuous lid>our, which 
stunts their growth of bixly and niinrl, iind ends 
in tlio development of an adult feeble in form, 
and refutKlucing a rickety pwgeny. On the other 
hand, it is the earnest contention of many em- 
jdoyera of children — as, ft»r instance, in the silk 
track* — that they must begin young, in order to 
aocfuire the art of delicate manipulation wliile their 
fingers are yet lissome. But the Fitctory Acts are 
on this point inexorable, and their severity has lieeu 
justified by residts. No cliiM under nine yeai-s ot 
age can now be employed in a cotton or wmillen 
mantifactory, antl a child between nine and thu*teen 
yeai-s of age is only allowed to work ceitaiu boum 
a week, the i-est of its time i>eing sp.«nt in a ltixkI 
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gchool and in play. The emplojei-s bitterly opposed 
this legislation, and i)i'edicted the consequent down- 
fell of our industries. But what says Professor 
Fawcett, who is notorioiLsly no friend to protective 
parental legislation ? He i-emarks that " their fears 
have been signally falsified, for the Factor}' Acta 
have effected incalculable advantages. Tlie physical 
deterioration of tlie o|)eratives has l>een arrested. 
The daily tmining of the mind helps the develoj)- 
nient of the body, and it has been conclusively 
1)1*0 ved that the children who are at school half the 
day, and are at work the remaining half, acquire 
vigour, enei-gy, and intelligence ; the efficiency of 
their labour is thus so much increased, that they 
really do more work in a day than used to be done 
by those children who were employed whole time, 
and whose strength and activity were exhausted 
by such excessive toil." If we investigate by a 
comparative method the nature of the physique of 
factory children, we find that their alleged degene- 
ration, al)out which a good deal of excitement has 
been got uj), is not borne out by facts. It is not 
denied that sickness and deformity exist amongst 
them ; but then they do not exist to a much greater 
ext«it than in an equal number of children in other 
classes. A rejwrt to the Local Government Board 
on the hours and ages of employment in textile 
factories for 1875, threwsthe utmost doubt on the 
reckless assertions of those who, from a nan-ow 
range of observation, conclude that the young in 
the factory districts are rapidly degenerating in 
physique. In this rejKJrt, we find given the weights 
ami ages of factoiy children generally in 1835 and 
1873 ; and, for the sake of comparison, those of (1) 
agi-icultunil children in Yorkshire, and (2) of London 
charity-school children. Here are some of the 
fi;?ui*es : — 



Factory Rei>urt Factory Report London Cbnrlty Affricultural 
Aire iMAt IKU. I iics. I Rch(M>l. \9m. .Cblldren. 1H7S. 

lilrthday Weight In WeUlit la I WclKlit In t Weight In 

I*ound«. \ rounds. ' Pounds. I Pounds. 



9 
10 
11 
12 



61-76 
670 
61-80 
65-97 



I 



68-72 
62-74 
67-92 
71 06 



51-63 
54-53 
58-32 
62-8 



60-02 
66-29 
7101 
750 



Many thousands of children were weighed and 
measui-ed in Bolton, Bury, Rochdale, and other 
towns, in order to 8upi)ly data for the statistics 
now citetl. As the general result of this inquiry, 
it was found that tlie " lialf-timers " of to-day came 
up to a much higher standard of physical develoj)- 
ment than the London charity-school children, 
who are well housed, well fwl, drilled and exereiseil. 
riiis may not say much for the latter; but the 



figures quoted prove tliat, instead of manifesting a 
tendency to degeneration, a factory child aged nine 
in 1873 weighs more than one aged ten did in 
1835, and so on in proportion. Neither do these 
factory children appear in the matter of physique 
to be much behind the agricultural children reared 
in the wholesome atmosphere of the countiy. 
" Half-timera," as a matter of fact, may therefore 
be described as fairly well developed. Of course, 
they are not without defects. They shoWy it ia 
admitted, a tendency to suffer from " flat foot " and 
relaxed jomts, with " knock " knees. Their limbs, 
however, are thick and fleshy. They have hands 
and feet that are remarkable for their size and 
strength. Their bodies, it may be said, seem too 
old for their heads and their ages ; but in point 
of intelligence and acuteness, they are proverbialiy 
in advance of all other children bom in the lower 
ranks of life. In agricultui'al children, on the oUmt 
hand, the feet are not so frequently " flat,** but the 
legs tend to be " bowed." This latter defonui^ I 
think may be due to the fact that the children are 
tempted to walk sooner than they are in &ctory dis* 
tricts, and thus their soft and partially oesified 
bones curve under the superimposed bodily weight. 
In factory children, the joints are relaxed probably 
because, in a city, children have not the opportnnity 
of rumiing about so early aa in the country, llieir 
bones have therefore time to consolidate, leaving 
the joints the weaker jmrts. Another phyaieal 
l)eculiarity of factoiy children is, that thej aofller 
frem extremely bad teeth, and from a sootiNitic 
state of the gums, due in all probability to improptr 
feeding when imder the hands of the ** care-taken." 
As compared with rural children, they are apt to be 
dirty, and they are much more frequently infested 
with vermin. Apart from all this, however, no 
special congenital diseases can be noted amongst 
" half-timers." Sometimes slight deformities occur 
where a particular attitude has to be maintained *t 
a machine, but even this is uncommon. It must 
be borne in mind that no attempt is here made 
to prove that " half-timers *' are free from diaeasfe 
They sufler from epidemics as much as — perhaps a 
little more than — other children ; but in diacussiDg 
this question, the imhealthy state of their homtf 
must be taken into account. Bearing this in mind, 
the result of a dispassionate investigation compels 
us to admit that there is nothing about them in the 
sha]X3 of (peculiar ])hysical degeneracy or deformity 
to forbid tlieir employment under the restrictiou* 
now enforced by Acts of Pai*liament and fiictoi7 
in8i)ectors. 
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BRITISH shipping: ITS GROWTH ASD PRESENT POSITION. 



I^HIP BUILDING m one of the most importtint 
[j of the Gi^at lutUistriea of Britain. Other 
Eldu^tries excel it iii the magnituile of their 
rations, the number of their workei*s, and the 
ital invested in them ; but ahip building yields 
none in its ilirect influence \i\)on the well- being 



the Portuguese and Sj>aniiirds were leaders in ship 
buUdiug lis welj as in niaritinie enterprise and 
discovery ; then tlie Dutch ct^atfd tJje most 
jiowerful tleets in Euix>|>6 ; and now Britain stands 
pre-eminent amongst nations, possessing a war fleet 
of unii vailed power, a mercantile marine of suqiasa- 
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E.vrjLi^H Ship or thi Fifteenth CrBfTnmT. 



tnd integrity of the empiixi. The maintenance 
if oar national position depends upon the main- 
^snce of our supremacy on tho high seas: and 
tat supremacy cannot \)e maintained apart fix>m 
be continuous production of new types of aliips, 
i^aval &rchitectui*e is essentially progressive, 
^though its rate of advance ia very vaiiable, 
^T>ea of ships "which are most successful in one 
!*iO«tfation may become auticpiat-ed or obsolete in 
HBhocI ; and that nation which i& most advanced 
^TO pathway of improvement In ship construe- 
'ioo, will almost certainly hold the lead in the 
^Q&im^tt of the world. In ilie Middle Ages this 
*»i true of the Genoese and Venetians j later on, 
12 



ing magnitude and efficiency, and resources in ship 
building well f>rojiortioned to her naval forces. 

A thousand yeai-s ago, w^hen Alfn*d tlie (ii^eat 
had to meet the constant incuraions of the Dsmes, 
he ndopte<l a policy w^hich is as true now as it was 
tliem Creating a powerful fleet, he aimed at pre- 
venting invasion, rather than at the maintenance ot 
an army which could only face the enemy after ho 
had obtainetl footdiold on our shores. But whih^ 
our jMjIicy for the home defence of the British Tslea 
Ls unchanged, the necessity for a pow^erfid imvy i& 
infinitely gi^ater now than it was xn the time ot 
Alfred. The empii*e is no longer self -contained and 
self-supporting : the British Isles are but the hoai-t 
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of a mighty dominion, of which the several parts 
^ie widespread over all quarters of the globe. Our 
Food supplies are largely drawn from foreign sources; 
our manufactures and commerce have attained 
fabulous dimensions, and any serious interruption 
to them threatens national disaster. British mer- 
chant ships float on every sea, laden with the wealth 
of the world. Rapid and r^ular communication 
with our remotest colonies and dei)endeucies has 
now become not merely a matter of course, but 
practically a matter of necessity. Our friends in 
Canada are brought within eight days of home ; 
the passage to Australia is m^de in six weeks 
instead of six montha All this commerce requires 
protection ; the outlying parts of the empire need 
<lefence ; the lines of communication between the 
mother-country and her colonies must be kept open. 
In short, what has been gained in territory, in 
commerce, in shipping, and in wealth, renders it 
all the more necessary that Britain should maintain 
the supremacy in maritime power which has been so 
hardly won. Nor need the loss of this predominance 
l>e feared so long as the culture of the science and 
art of ship building flourishes; for the skill and 
courage of the British sailor are as marked now as 
they were in the days of yore, when these qualities 
often had to counterbalance the disadvantages of 
meeting a foe whose ships were swifter, larger, and 
better built than his own. 

Tlie period of the great French war was thai 
during which British merchant shipping i*eached 
that proud position of superiority over other mercan- 
tile fleets which it has ever since maintained. This 
Tnay appear a singular fact at the first glance, but 
the explanation is very simple. British war fleets 
then swept the seas : none but British merchant 
Kliips, their allies, or neutrals had a chance of safety. 
Moreover, the Continental Powers of Euix)j>e were 
enf^aged in u struggle which taxed their energies to 
the utmost, and could not attempt the development 
of their mercliant 8hi[)ping. Hence it hapi)ened 
that while British merchantmen increased in num- 
bers, oth(T Euro^x^an merchant fleets dwindled or 
»tood still. The only sharer in our prosi)erity was 
the mercantile maiine of the United States; and 
when the war ended the carrying trade of the world 
was in th(» hands of Britain and her revolte<l pro- 
vinc<?8, the lion's share falling to the mother- 
country. Wlien the war liegan, in 1793, our 
incrcantil(> manne included 16,000 ships, having 
a total tonnage of aliout 1,500,000 tons ; when the 
war ended, there were 21,000 shiiw, having a total 
tonnage of 2,200,000 tons, which was a greater 



tonnage than the aggregate of all the merchant 
fleets of Europe. Such a condition of things could 
not continue after the restoration of peace; and 
before long fears were expressed that the pro6|jerity 
of the British merchant navy had passed away. 
British ships were less in request than in the war 
time; other European Powers resumed the con- 
struction and employment of their own merchant- 
men ; and, what was of no less importance, American 
builders proved dangerous rivals, producing ships of 
greater excellence than were then built in this 
country. Nearly all maritime countries were also 
better supplied than Great Britain with timbers 
suitable for ship building, and this fact added to 
the difficulties of British boilders. The final out- 
come of these adverse circumstanoes was, however, 
very favourable to this country. Under the stress 
of competition, the designs of merchant ships were 
improved, injurious tonnage laws were abolished, 
the value of scientific methods of construction was 
more fully recognised ; and, finally, the introducUon 
of iron hulls and steam propulsion, in both of which 
this country took the lead, relieved British builders 
of serious drawbacks to successful rivalry with 
foreigners. We can no longer hope to be the pos- 
sessors of the canying trado of the world ; but we 
have so large a share of that trade that we may well 
be content Instead of seeking for models in the 
vessels of other nations, as was commonly done in 
the last century, British ships are now models for 
the world. The enterprise of British merchants and 
ship boilders has re-created not merely our own 
mercantile marine, but that of every other important 
maritime power. Formerly our chief claim' to pre- 
eminence was in the number of our ships, not in 
their qualities ; now we can fiiirly assert saperioritj 
in both numbers and qualities, and the daim a 
frankly admitted by other nations. 

Before sketching the history of British shipping, 
it will be interesting to state biiefly its present 
position. At the end of 1875 the United Kingdom 
owned more than six millions of tons of merchsnt 
shii)ping ; and more than a million and a half tons 
were owned by the British possessions. Altogether, 
the tonnage of merehant ships belonging to tbe 
British Empire was about 7^^ millions ; the number 
of «hij)s exceeded 37,000, and the crews exc«»ded 
342,000 men and hoys. Within a period of k« 
than sixty yeai*s the tonnage had l>een trehW. 
and the nuniWr of sliips nearly doubled, aftw 
allowing for the wear and tear of service. The 
methcnls of constructinjj and pro] telling Hlii|i« had 
been revolutionised; the commerce and intercom- 
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munication of the world had been vastly increased. 
Hie British mercantile marine exceeils in tonnage 
the united merchant fleets of France, Germany, 
Italy, Norway, and Austria. Tlie Dominion of 
CSanada possesses a fleet which will coiniNire 
fiivourably with that of the great maritime Powers 
of Europe. Australia and New Zealand are l)oth 
creating a mercantile marine which already con- 
liderably exceeds that of Portugal or Denmark, and 
does not fall much below that of Siwin. Tlic only 
marine which at all bt^ars comiMiison with our 
own is that of the United States ; but even that 
fleet, with a total tonnage of al)out 4^ millions, 
has only two-tliirds the tonnage of our own. The 
great natural resources of the States, the skill of 
Americans as ship builders, and their VHst coasting 
and internal navigation, all tell in their favour, and 
p(»nt to a i)0ssible future when they may either 
equal or suqiass Great Britain as ship own(*r8. 
Twenty yt^rs ago it appeare<l as if tlie time had 
oome when we might have to yiehl th(j plaa? of 
honour so far as the mercantile marine was con- 
cerned. Ship building was then advancing in the 
United States at a much greater rate than in (iivat 
Britain. In 1821 the total tonnage of British 
shipping slightly exceeded 2| millions, and was 
about double that of sliipping owned in the Unit^nl 
States. In 1841 the British tonnage had reached 
^ millions, while that of the States somewhat 
exceeded 2 millions. In 1861 the British tonnage 
stood at 5,900,000 tons, and that of the States at 
5,f500,000 tons, or nearly equal to that of the 
mother-oonntry. Since then very serious cliecks 
have been put upon American shipping by the Civil 
War, the rapid advance of iron ship building, the 
pro gress of steam navigation, and other causes. As 
a consequence, in 1871 the total American tonnage 
had decreased to 4,200,000— little nion* than the 
tonnage twenty years liefoi-e ; whereas British ship 
ping had gradually reached a tonnag(^ excetnling 
7,000,000. American ship building revived, how- 
ever, about twelve years ago, and during tluj period 
1872-75 about 440,000 tons was tlie increment to 
the total tonnage. But even this great addition 
has lieen exceeded for British shippin*]:, of which 
the tonnage has been increasetl in the same ]Maioii 
hy about 550,000 tons. At present, therefore, 
there is no reason to apprehend a loss of our pix>ud 
position as the first ship-building and ship-owning 
nation in the world. 

As an item in the national estate, oiu* mercantile 
auuine has an enormous value, pix)l>ably a)>p]\Mich- 
ing one hundred millions sterling. But the value 



of the commerce of which our merchant ships 
are carriers to and from our shores, far transcends 
this enormous sum. For many years the annual 
value of iin[)orts and ex[)orts has exceedeil 650 
millions ; and of the 45 million ions of ship- 
ping which have enteretl and cleared at British 
ix)its during each of the last thrtHJ or four years, 
two-thinls have l)e«*n British shi|js. In" other woixls, 
two-thirds of our home tnwle is carried on by our 
own slii^M. Some imtriotic ]>ersons expivss n»gn;t 
tliat a single foreign ship should have a sliaix^ in 
British trade ; while, at the same time, they desira 
that Britisli ships should obtain a still larger sluiro 
of the foreign carrying trade. This is scai-cely 
reasonable ; and our gi*e4it advantage over all other 
nations will ap()ear from the following facts. Ac- 
coixling to the oflicial returns, about seventy per 
cent, of the fon»ign tnule of the United States is 
canieil on by foreign ships, and only thirty \)er cent, 
in American vessels ; the proportion of homo to 
foreign shijw being the i-everse of that which holds 
in this country. Of the seventy jwr cent, of foreign 
shiiis trading to ports in the States, by far the 
greater part carry tlu? British flag. 

It has become so much a matter of course for 
Great Britain to stand at the head of the maritime 
world, that we are apt to forget the long centuries 
during which she occupieil a subonlinate place. 
Keeping in mintl the foregoing figures for the 
present condition of our £eet, it will be a strange 
contrast to nm over the muster-rolls of jMist days. 
In 1344, Edward IIL onlered a return of the 
whole maritime force of his kingdom : it was found 
to consist of about 700 ships, manned by al>out 
14,000 men. Seventy years after, Henry V. 
gathere<l all the vessels in England of twenty 
tons bunlen and upwards, in onler to transport his 
anny of .30,000 men to France. Having reinforced 
tln^ Enj^lish Hhi\)H by vessels hired in Holland and 
Zealand, he liad 1,.50() shi|»s at his coninumd, givuig 
an avenigi* of twenty men Ciimetl by ejvch vessel, 
exclusive of her own crt^w. The Great Eastern can 
CJUTV 10,000 troops at one time, or one-third the 
whole anny which Henry conduotetl into Fmnce ! 

For centuries l)efore this invtision, and for a long 
thue afttT it, the Me<literi-anean States, and more 
jMii-ticularly Venict; and Genoa, had ] possessed 
|K>werful flet»ts, fittcnl for commerce and for 
war. When the fourth cniwule took }>lace, 
the Venetians furnished shiiKs capable of convey- 
ing 4,500 knights and 20,000 infantr}', with 
fifty gjilleys as an escort ; and some vessels em- 
ployeil in this ser\'ice arc said to have cairied 800 
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l>tit*i^onB. Nor was Genoa aa unworthy rival ; for 
ill tlie wars with Venice, towards tho end of the 
thirteenth centuiy, it is gaid that fleets wei-e 
efjtJippetl numl^eiing from 100 to 300 vessels, the 
galleys each CAi^rying over 200 fighting men. 
Nor were the Mahometan Stiitea deficient in mari- 
time force. When Richanl Ccuiir-de-Lioii wa^ on 
hin way to the HcJy Ljxnd, it is n^Iated that he 
captured a vessel belonging to the Saracetis which 
carried 1,500 men, and a large qmuitity of stores. 



Redclifie, which he had built. Some doubts attadi 
to the statements i-especting Canynge's fleet; but it 
seems certain that he owneil several ^hi|)A» which 
were of great sia&e as compared with other Englijdi 
ships of the period, measuring from 400 to 900 
tons ; and that the total tonnage of his ships did 
not fall much short of 3,00(> tons, manned by 800 
se-amen, Uanynge had few rivals, however ; and, 
as a whole, English shipi>ing suflfered gi^aily 
fi^om the civil wars, so that on the acceasion of 




Almost at the mme time that Edwanl HI. invaded 
France, the Turks were preiwiring to undeitake the 
invasion of Europe ; and for that purpose aflnemblpd 
& fleet of 300 ships, with an ai'my of nearly 30,000 
men. ^SHien Henry V,, with infinite trouble, 
«ollecte<l 1,500 Englij*h and Dutch ships, Venice 
la said to liave owned 3,0(H> merchant shi[)s, besideB 
shijis of wur. 

Thnre b, however, evidence that amid the trouble 
and internal strife of England during the fift^ntli 
centuryt the interests of trade and Khijiping were 
not altogether overlooke<l One of the most famous 
merchants of tliat time was William Canyn^^e, of 
Bristol^ who wfis buried in the Church of 8t. Mary 



Henry VII. it was in a very ilepresied statn. 
monarch did something to revive the shipping 
interest; and Henry VIU. did still mons-W 
coming, in fact, the founder of the Royal Na^ 
nn a force exclusively devot<»<l to war servient 
the earlier times, the sharp dividing line now &6^ 
ing between ships for war and ships for commerce 
waa not in existence. Wlien the rojrai «hip« wtrt 
not reijuired by the State in tiraee of paw^, ihny 
were hire*d by merchants ; and in time oif war, 
the few royal Hhi\m were i-einforced by nutiK 
mcrcbantmen, u]>on which the defence of t' 
flom virtually dependt?<l Merchant i^i 
readily athipted to warlike purposea, and 
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imfrequently found more bandy and serviceable 
IbAii the royal sliips. The larger number of theee 
auxilmries were fuimished by the Cinque Ports, 
wLk'li w^se l>ound to do so by their charters. "V^Hien 
fk sufficient numljer of Hhips could not be obtained 
from these ports, all otlier English yhijis were liable 
to iinpreRKnient, and foi-eign ships were often liii-ed. 
Every foieign war, conBeijuently^ cfiuBed a seiious 
inteiTupticm to commerce — nut merely by the 
hindrances and dangei^ resulting from the wai*^ 



was the state of oiir shipping. In 1573, it is said 
that there wei'e in England only 13«i shii>8 exceed- 
ing 100 tons buitlen, and only C5G ships having 
a burden of from 40 to 100 tons. The Heet which 
fought and defeatetl tlie Spaniards consisted of less 
than 200 vessels, having an aggregate bimlen of 
about 30,000 tons. Only one-sLxth of this foixje 
were men-of-war: the i^eat were merchimt sidps. 
Some of these wei'e of only tldrty tons burden, and 
one-third of the total numl»er were under 100 tons 
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by the withdrawal of ships from commercial 
iuita, and their employment in warlike services. 
It ia easy to see^ therefore, why English commerce 
compared so unfavourably with that of many other 
8tat«s up to the end of the fifteenth centuiy. 
!Repeate<l invasions of France, civil w^ars, changes 
of dynasty, want of settled government^ all told 
Ijliliist material progress. There was then but 
Itttle probability that England would ever attain 
the position of the greatest mai-itime nation in 
Europe and the world. 

Paasing on to the time when every nerve was 
«trained to equip an English force capable of en- 
countering the Spanish Armada, let us note what 



each — smaller, in fact, than many of the yachts and 
fishuig smacks of the present day, The largest 
English sliips of that perio«l al»out ecpmlled in 
tonnage the sloops or small merchantmen now 
employed : the total tonnage of the English fleet 
woidd be represented by ^y% or six mail steamers, 
four or live ironclads, or by two Grttvt Eiui^rn^! 
This was the utmost force that England could 
muster in her hour of neetl : such were the small 
and fragile vessels that met and ccmquered the 
grandest fleet that hiwl ever floated in Euroj^ean 
waters. The Armada consisted of 133 ships only, 
but their aggregate tonnage was nearly twice that 
of the more numerous English ships. Seamanship 
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and courage triumphed even nnder tUese oonditionn, 
and the bold commanders turned the smrtll size of 
the Englwh s\n\\H to nccount ; closin;^ with the 
higli-*iidt»d Sj.tanihh shijis, the gnns of tlie hitter are 
fwvid to hiive tired ** over the heads of the English, 
svithout doing any execution." In dwelling upon 
this glorious victory, let it ever be remenibei-ed that 
all the conditions which make it I'emarkable also 
funiiRsh eviilence of the inferior position occupied 
by British shii>ping among the fleets of Enro|ie 
towurdn the cIokc of the sixt4*enth centuiy. 

Although Queen Elizabeth fully appi-eciated the 
great im|»artance attJicliing to the jr>o8session of 
sliipping, and tuldetl largely to the royal navy^ her 
i*eign in chiefly noticeable for the skill and courage 
of EngliKh seamen^ coni]miiitively small jn'ogi-ess 
l>eiiig uimle in the nunil>ers, size, or efficiency of 
English shtpn. The exploits of Brake, Hawkins, 
Froliisher, Davis, Raleigh, and many otheiis are 
wonderfully interesting ; but the full mejisure of 
their daring is only to be ascertainwl wlitni the 
small size and scanty ecinipment of their shi]»8 are 
considered. To the enterprise of these " private 
adventurers" were due the destruction of the huge 
morit»iK:>lies which S[»ji'ni and Portugal tuideavoured 
to set u[», the bivaking down of barriei's by which 
these nations sought to inclose the riches of the 
New WorUI, and the establislitnent of a workl-wide 
reputation for the English sis a nmritiTue oution. 
They wei'e the pioneers, w^ho did but littk- trailing 
themselves, but mii<le it i>ossible for English com* 
ineiTe to spread far and wide, 

Bt»fore EngliHh slitpping reachcnl the first rank, 
majiy a hfU'd Hght hail to l»e fought with more 
formidable enemitvi than liie Spaniard. The Dutch 
and English had imide common cause against 8{iain, 
lait their interests soon diverged, and a cont^^st 
ensued during the latter liM of the seventeenth 
century which for vigour and tieiveness is prolwbly 
unsurpa^ed. In tills gi^eat series of naval actions, 
victory sometimes inclined to the one side, some- 
tiuie?^ to the other. S*) late as 1667, the Dutch 
saih'd up the Metlway* did grojit damage at Chatham, 
&nd threatttned I^ndon. But while the English 
war fleet, sti-engthened by Cliarles L and his father, 
luid gn'atly improveil duiing the time of the C<»m- 
uiohwefdth, could ri vid that of Holland, it did not 
pro\'e the victor until aided by the French fleet, 
which IiimI been cremated by the vigorons adminii^- 
ti-jiti'^n of Louis XIV, When the Dutch finally 
vieldt**! to the force of arms, thev still reUiined a 

nidnble war i!tH*t and a mercantile marine of nn- 
appnjachable extent and excellence. Early in the 



seventeenth century, Sir Walter Raleigh credited 
Holland with the possession of as many meivhant 
shil^j as w-ere owned by England and ten other 
Euro|iean States. One thousand new ships are 
said to have been built annually. Evelyn assertetl 
that about the middle of that century, Holland 
possessed 20yOtK) gesrgoing vessels of all clasaes^ 
some of them doubtless lieing of small size ; and 
Sir Henry Petty saifl that they owned nearly one- 
half the total tonnage of Euro|>ean shippings 
England owning alM>iit one-fourth. 

Tiie defeat of the Dutch war fleets, the establhih' 
ment of the great trading companies in England, 
of which the East India Company was the chiefs 
the enactment of stringent navigation laws, which 
were designetl to exclude foi'eign shipping from 
English triuie, and the wonderful pix»gress in 
colonisation w^hich hatl been made during the 
pi-eceding ct-ntury, all contribute*! to the ailvaiice- 
ment of the English mercantile marine i^elatively 
to that of the Dutch. In fact, further ri-^^alry 
with them w^as of a j>eaceful character, ami tbo 
accession of William III. led to Uie junction 
of the forces of the two in opposition to the 
Fi'ench. By that time the Frencli mivy had 
reached dimensions which enaldetl it to competo 
with any wai* fleet. In 1601, tlie FiH?nch force 
is said to liave consisted of four or five amall 
vessels, England and Holland then equipping 0eets 
of more than a hundred men-of-war. Twentv years 
later, the Fi^encli jx>8sessed nearly 300 war ships, ^H 
manned by nearly 40,000 men ; and wlien the w^ar ^^ 
w^ith England began, tlie Fi'ench for a time had 
a moix* [loweiful fleet afloiit than w^as brought 
against them by the English and Dutch. The 
contest thus begun lasted for twenty-five years, 
and in the end France was defeated, although it is 
unrpu'sti«*nal>le that she jiossessed liner ships tlian 
England, and was beaten only by the superior skill 
and courage of hei' opponents. All through ihf 
eighteenth century, war followed WTir in rapid suo* 
cession, France and 8|Hvin usually combining against 
Eugland, which held itsowTi even against the^^ odck 
The losses incuiTed in these continued struggloB 
very gi eat. the hindrances to progreas were 
but still our meix»uitile marine flcmriBhe4 In the 
year 1701, the total tonnage of English mendiaftt 
ships yrwi estimated to bo less than 300,000 Ions; 
the total numl>er of shijis being about 3,300. Nini»tf 
years lutei-. tliejt^ were over 10,000 m» i iipt, 

of w^liich the total t4:»miageexcet*ded 1,' mK 

Fi*om that time onward, Great Britain bus had otf 
successful rival to her naval supremacy. 
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HEMP, FLAX, AND JUTE. — III. 

IXSIPE A FLAX MILL— SPlNJfUlO AND WEIAVJNQ. 
Bt DaTIII Bli£MN'Eft, At'THOll OP ** TkR IXDrSTttWB OF SC<ITLANI>.* 
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BEFORE proceeding to deal with flitx and its 
cultivation, or touching the cniioiis history 
of the liueu nianufiictui*e, it may l>e well to ex- 
cite the iuteit?at of the reader in our 8uhjt*et by 
describing in a genei-al way what may he seen 
inftide a flax mill. In the construction of flax 
millB) as well as of the nmfhmery employed, a 
great improvement has taken place during the lajst 
thirty years. Though there are atill in existence 
many of the buildings erected before the idea that 
the health of the \vork-j>eople wtia a thing to be con- 
ftideredf luul dawinMl upon the minds of mill-owners, 
thaae struct lU'es have for the most paii; been altere<l 
in order to ailiipt them to- modern i-e^piirements, 

now the lot of the oiieratives is far different 
what it UHed to be. bi Yorkshii-e, Fui-fiirHliii^, 
ami tlie Belfast district, flax mills are now to be 
seen which may be descnl)ed as jialaces in com- 
pariaon with the low-nx*fed, small- windowed 
bidlilings in which ilax siiinniug and weaviug were 
carried on at the beginning of the centnry, Ex- 
temaUy th^re is little in tlie appearance of a iax 
mill to disting^iish it from a cotton or woollen 
factory — except, jjcrhaps, the colour and abnndance 
of tlie dust emerging f ixim and ilepo9ite<l ujjon the 
windows of the pi-eparing departments. The 
machines employed in these dejMirtmejits have been 
afpeciiilly devised for working flax, but those nse<l 
in npinning and wea\dng are simply moditit'ations 
of thoHC which were invented for dealing i^dth cotton. 
Some fljix mills nre devotetl exclusively to the jiro* 
duction of sjiil-ck^th, and other heavy fabrics ; some 
turn out tal»l€»-linen only ; whUe in otliers atten- 
tioQ ia coTiiined to tlie making of cambrics, Ci^ner- 
alljt however, the productions of a milJ embi-ace a 
wiiT of goods, and Ui the makintiof ciciih the 

sjiii k sewing-threiids is occasionally addetL 

Hiere ai'e many establish men ts that might have 
l»eeii selfM^ted as models for description ; l>ut in 
thia jm|ier it is prefeiTcd not to identify the 

»ry to which the reiuler's attention is invited. 
ii» B«pjK>8e that we have arrive^l at the mill, 
anil tlmt the entrance of carts loaded with bags of 
flax at one gatewiiy» and the exit of airts loaded 
with compact baiejj of manufactured gocnls at 

htfr gateway, have been duly noted. An intel- 

nt guide hiiving bern detjiih^l to escort us, we 
proceed to insiiect the works. Ute flrst department 



that claims attention is, of course, the stoi-e in wiiich 
tlie raw material is received and kept reatly for use. 
The fliix arrives at the mill in bags, tUrect from the 
scutching mills in the locality where it was grown ; 
the supplies being di*awn chiefly from Ireland, 
Kussia, Germany, Belgium, and Holland. On being 
removed from the bags, the flax^ which is made up in 
bundles of convenient size for handling, is carefully 
examined, to see that it is of the specified quality, 
and is then built up in racks ready for i-enioval to 
the hackling room. The latter is a department in 
which the visitor is not likely to make a pruionged 
stay. Though the apartment is lasge and lofty, 
the process to which the flax is here subjected 
creates so much dust, that the air is literally thick 
with it — so much so, that the figures of the workeni 
in tlie i-emote ]iarts of the I'oom are at times but 
indistinctly seen. By ftms and venti la tiki's, the 
more deleterious piii-ticles of dust are druM-n off, 
but still enougli is left to ren<ler the oeeujintioti of 
the |>ersons empIoye<l in this department miything 
but pleasant, and it is certainly unhealthy. The 
heavy odour which clings to tlie flax after tlie 
**i*etting'* process — that is, the steeping which the 
flaX'Straw has to untlergo, in order to sepanite tlie 
iibre from the woody coi-e — adds to the disagreeable- 
ness attending the hackling. For some purposes 
flax is still hackled by liandj nuirli in the same 
manner as hemp ; but by far the greater jMiit of 
the flhi-e is hackled by machines of various coii- 
stniction, wliich i>erform the work with giY^at 
celerity and completeness. The ol>ject sougiit Ui be 
accoraplislietl by hackling is thoi\>ughly to removo 
the tow and split up the liner iK>rtiun of tlie (ibre 
into minute hairs. The raoi'e csrefully the ojiera- 
tion is [)ei'formed^ the finer and j^ixiportioimtely 
stronger wil! be the yam piXKhieed. In hand- 
hackling, the workman takes a bundle of flax, 
and tlrawa it over steel spikes aiTange<l on u bench* 
Tlie 6i*st set of spikes are veiy sti-ong and wide 
apart; and, after the flax has received a tii-st comb- 
ing on these, it is drawn over a second set of spikes 
of more slender form, and arranged more closely ; 
from these it is passed to a still flner set, and so on 
until the s<?prt nation of the tibw has lieeii carried 
out to the desfi*e<l degree, the quality of cloth 
Uy Ih? made determining the treatment of the 
flax at this .stage. Of the hackling machinei^ 
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the most eMcient, and at tUm same time most 
ingenious, is that known as the self-acting sheet 
machine. The muiii p^irt of this machine consists 
of a stout endless apron or belt, made of leather, 
and studded witl^ hjiikes, si mi Jar to those in the 
fliLt hackles use* I for hand hackling. The apron 
is mounted on rollers, by which it is set in motion, 
and is so arranged as to present at the front jmrt 
of the machine a 6»t sui^ace, and it ia on this that 
the hackling is actually accomplished. The spikes 
on the apron ai^ an-anged in half a dozen |>arallel 
banda, the spikes in the successive bands being of an 
increasing degree of finenea*?, so that as tlie apron 
moves round on its rollers it presents continuously 
on the flat section refeiTed to a complete set of 
hackles. Let it be noted here that the difference 
between machine and hand hackling is this — that, 
whefeas in the latter the Max is drawu over the 
spikes, in the former the spikes are drawn through 
the flaXf which has to be tirmly held Ln a suitable 
potttkm. Befoi-e the flax is pi-esented to the hack- 
ling machine, it is *' ended "—that is» it is taken in 
small bundles, and the ends alternately submitted 
to the action of a atixjug little machine, which tears 
oil* the entangltnl |X>rtion of the extremities, and 
draws the tibi-es jxuYdlel The operatives who 
attend to tids part of the work give to each bundle 
€»f the flax a slight twiat in the middle, which keeps 
it distinct from its neighboni'a, and facilitates aub- 
titquent oj^jemtions. In this form, the fiax is taken 
to the hnckling machine, Hei*e the bundles ai-e 
_ successively fixed near one end in a pair of wootlen 
K damps, and, thus held, are fetl into the nmchine, 
^k Immediately over the ]mitit at which the apron 
^Hliiimes a Hat surface, a mil passes from side to 
■ side of the machine, and on thia rail the clami>s, 
r with tJieir pendent tufts of flax, are placed. Let 
Its suppose that the machine is just being started, 
and watch its o|)eiiition. The flax is fed in from 
the right-hand side of the macliine ; and, as it ^msses 
along the rail, is brought into contact with the dif* 
iBreat sets of hackles in succession, pausing over 
wmk for a sufficient time to allow the spikes to 
aooomplish their work thoroughly, first on one 
aide of the bundle and then on the other ; for by 
an automatic movement tlie clamps are turned over 
eaoii of the bands of hackles. As one lot of flax 
pttnes from the coarser to the tiner hackles, fresh 
lots are fed in, so that soon all the hackles are at 
work simultaneously. The finished bundles drop 
off the rail at the left-hand wide of the machine, 
wltere they are received by an attendant, who un- 
. screws the clami>8, and places them on the dressed 
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end of each bundle, ready to go through the machine 
again, so that the end held in the clamp during the 
first passage over the hackles may be operated u|)on* 
When the flax receives the final hackling, it presents 
a beautifid sOky appearance. 

Leaving the dust and din of the hackling room, 
we ascend to the floor where the drawing machines 
are situated, and there witness the first stagea 
of the spinning process. Here is some flax 
brought from the hackling room, and we must 
note ivhat is done with it. Taking up hand- 
ful after handfid of the shiny fibre, a smart girl 
arranges it on the feed -board of a machine so that 
the ends of the siicceHsive bundles overlap each 
other. Thus placed, the flax is drawn between 
rollei^, iind disappears from that point of view. If 
we step round to the front of the machine we shtdl 
see what has become of it. Tliere it is moving 
along in a continuous stream, so to speak ; but its 
path is a very thorny one, as it lies over a travelling 
belt of fine spikes, the pcants of which show through 
it during its whole course. On close observatioii it 
will be seen that the hackles tmvel at a quicker 
pace than the flax, and thus remove all tangleii |>or- 
tions, and help to biing the fibi^s into the panillel 
order essential to spinning. From the luickles 
the flax passes to a set of drawing rollers, by which 
the soft ribljjon or sliver which it now forms is 
elongated to a certain extent As it emerges fmni 
the i-ollei*s the sliver is received in a tall tin can» in 
w liich it is removed to another drawing machine, 
which is almost identical in construction with that 
whose working we have just been noting. It is, 
liowever, fed in a diftei-ent way. Eight of the slivers 
formed by the flrst machine are taken together, an<l 
as they pass over the hackles and through the 
rollers are drawn out until they are reduced in 
thickness to one-eighth of the aggi*egate bulk. 
This process is repeated again and agaui until a fine 
even sliver is obtaine<i. As yet, it will be observed, 
the fibre has received no twist, and as it will not 
bear handling it is moved about in the cans into 
which it falls from the machines. The next process 
is the conversion of the sliver into a roving, or 
slightly-twisted cord. For the accent jjlishment of 
tills the machine on which the last dm wing takes 
place is furnished with l>ol)bins and flyers. These 
receive the sliver from the last paii- of drawing 
rollers, and by a simultaneous process impart to it 
the desired degi'ee of twist, and wind it upon the 
bobbins. The latter, when filled, are removed 
to the spinning fmme, where they are placed 
on pins aiTanged in line upon the top of the 
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macbiiie; EacH roving m then led between draw- 
ing rollei'8, and attached to a bobbin and flyer. 
As it passes between the rollers it is elongated 
to the required extent, and the spinning operation 
is completed by the bobbin and flyer. Some of the 
flax is spun l>y the wet process, which better adapts 
it to certain purposes. In wet-spinning the roving 
in passing over the spinning frame is made to dip 
into a receptAcle filled with water heated by steam. 
The hot water softens and sejianites the fibres, and 
admits of their being dmwn out into a finer threatl 
than if sptin diy, while at the same time it causes 
the loose fibi-es to combine better with the body 
of the yarn. Wet-spinning used to be considered 
pi*ejudicial to the health of the operatives ; but 
as now conducted there is little to complain of. 
Wlien the bobbins have been filled they nro passed 
to the reelers, who make the yarn up into conve- 
nient forms for bleaching or the loom. 

We must now leave the region filled by the 
steady humming of the spinning machinery, and 
pass to that where the clash of the looms invites us 
to fi-esh scenes of interest But first we must peep 
into the room where the warps are arranged and 
mounted, and the yarn receives a dressing of paste 
to give it greater 8<:jlidity in the loom. The yani 
having been wound on the warp-beam, the latter 
is placed at one end of a machine having at its 
central part a trougli, or cistern, filled with paste, 
and through this the yarn is dmwn and allowed to 
take up suflicient of the dressing to make it, ^hen 
dry, finn and smooth. It is dried by being jiassed 
over heated rollers. Each eepamte thread has then 
to be iiassed throngli the lieddles and reed of tlie 
loom^ and after some adjtistment all is ready for 
weaving. The looms on which plain linen is 
woven are simOar to those used in cotton factories ; 
while for figured cloths and dama^sk, the ingenious 
and compUcated Jactpiard machine is employed. Of 
the diftbrent kinds of loom, several hundreds are 
in ofienition here side by side, and the noise they 
.tnake is deafening, and, to one unaccustomed to it, 
■positively distmcting. The shuttles, impelled by 
untiring arma of iron, fly with lightning swiftness, 
and thread by threml the fabrics are formed at 
a pace that the deftest hand weaver could never 
hope to attain. Of all the machines, the Jacqtiard 
loom is the one that excites most wonder in the 
eyes of the casnal visitor. • The movements of 
the thou5^nda of j>erforated cards which perform 
ihf function of working out the pattern from a 
lofty |K»rch overhead, and the maze of gliding and 
dancing durds which these conti-ol, seem so compli- 



cated and mystei-ious, as to fill one with admiration of 
the genius that devised the whole, and make one 
regard with most respectful feelings the loom-tender^ 
who has made it his basinet to master the 
tricate mechanism. Here is one of these machin 
on which a table-cloth of elaboi*ate device is bei 
fashioned. Watch its operation for a momeni 
Overheati the caixls move forwai-d one at a time! 
then there is a pause, a movement among tlie corci 
a flight of the shuttle, and a bang of the reed. 
one thread of weft is put in. Look, now^ at tl 
web in the loom. The warp is a snowy plain of 
panillel threatLs extending forward from the dense 
bank of ** harness," as the coixU which lift the 
waip threads in response to the action of the cards 
are called. At each movement of the loom the 
warp is opened up for the passage of the shuttle, 
and it is the manner of this opening up that deter- 
mines the pattern which is being developed «i 
each flight of the shuttle. The threads are raiaed 
now singly, now in groups, and in seemingly aim- 
less confusion ; yet the fact is, that the position 
of eveiy thre^id in the piece is being put in upon a 
most carefully prepared plan. For e-ach thread of «| 
weft there is a perforated card in the loom whidiB 
determines the part tliat jmrticular thread will jiliiy 
in the elalwration of the design which the cloth i| 
intended to bear. Here we see a picture in wlu4^| 
produced upon a white ground ; when the loom if^ 
emfiloyed on coloured cloths its o]>enitions m%j 
l>e more clearly followe<L However used, it is 
man-el of mechanism, and the memory of tbt 
inventor well merits all the honoui"s that hsvt 
been bestowed iifxin it. 

After leaving the loom the webaare, aooonlingto 
circumstances, treated in various ways : acme h^ag 
bleached and glazed, while others are merely cmleo* 
dered. The calendering depaitraent is alwayiia 
imix>rt4int one in a linen factory, as tlie beauty of 
the cloth depends largely on its treatment thertafli 
There are lapping machines for folding the dot^ 
and hydraulic pressas for reducing the bulk of 
bales; besides other a]>pliances too numerotis t» 
note on a cursory visit, but all of which will be 
fully described in subsequent papers. 

The engraving which accompanies thin |«}^ 
represents a room in the extensive and urell-knoirn 
flax mill of Messrs. Marshall and Co,, Lt!e<K Tbt 
apartment is remarkable for its eize, tho ftkor 
measuring nearly two aci-es in extent^ hdng IM 
yards long and 72 yartls mde, and it is oatoulilAl 
that it wo\dd furnish standing accommodaiioB ^ 
no fewer thiin 80^000 persons. The roof, wloiA ii 
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twenty feet above the floor, consista of sixty-six 
brick arches support-ed on iron pillars, and is 
furnished with an equal number of dome lights 
meaBuring forty-eight feet in circumference. As 
the domes rise ubout a dozen feet above the 
roof, they answer the pnq^ose of ventilators as well 
as supplj-ing an abuudance of light. All the 
operations of spinning and weaving ai-e conducted 
in this i-oom, by the aid of appai^ently innumei-able 
machines. The part which the ai-tist has chosen 



for his sketch, is that in which the drawing 
machines are situated, In the cent 1*0 may be seen 
the machines on which the buncJies of llax brought 
from the hackling room are foi-med into a sliver, and 
on the left hand are msuhliiea which operate on 
eight of the slivers thus fonned, luid draw them out 
into a single one, which process having been re- 
peatetl again and again, gives to the fibres the 
jjarallel arrangement essential to theii- formation 
into yam. 




SHIP BUILDING- — IV. 



CEKTBE3 OF SHIP BUILDING. 



SIX rivers of Great Britain may fab-ly be styled 
the great centi^s of pbip buUiliiig. For many 
years pawt the Clyde, the Tyne, the Wear, the Tees, 
the Mersey, and the Tliame^, have pix>«luced more 
than three-foiu'ths of the totid tonnage of skips 
built in the United Kingilom. There are, of coui'se, 
many other fKJits where a large amount of tonnage 
tft annually built» and which may bereofter attain 
erea greater imi>ortance than they at present 
posseaa. Hull, for examjde, Avas famous for ita 
ship building centuries ago, and stiJI holds a high 
place. Banx)w-in-Fume8s has made wonderfully 
rapid progress, and is still advancing. Belfast 
occupies a good jxisition^ not merely because 
of its lai^e annual ** out-put," but bt^cause some of 
the finest merchant steamers afloat have been l>uilt 
there. Nor are Aberdeen and Dundee without 
claims to recognition on account of their ship build - 
ixjg trade* But after reviewing the claims of all 
tlifiae and many other poits, it will be seen that no 
ixijostice ia done in placing in the first rank the six 
fivera named above. Shiji-yards are Htill scattered 
nioQg the coast, and doing useful work : but the 
greatest developments of iron and steam ship build- 
ing have not been ma<le in these establishments, 
and their practice is antir|uated or imj>ei'fect as 
compared with that of the great ports. Half a 
centuiy ago it would have been difficult to point to 
any other importani industrv of which the {jractice 
was more widely distributed than tliat of ship 
hculding ; but the tendency to localise and concen- 
trate the trade hfw suice been most marked. On 
the Clyde this t-endency has been most fully 
illustratetl, and we will begin our survey of the 
centres of ship buUding on that river. 

The Clyde ports, from Glasgow down to Gi-eenock, 
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have for years past produced quite one-third of 
the total tonnage built in the United Kingdom. 
A ti-ip down the river in one of the swift passenger 
steamera for which the district is famous, cannot 
fail to impi-ess a visitor w^ith the magnitude of the 
opemtions carried on in the numerous ship-yards 
which line the banks. Stalling frnm the Brooniie- 
law, he sees lying afloat many first-class ocean 
steiiniei-s, and will wonder when be is told that 
within the memory of luany men still living it was 
possible to wade across the river, at low title, near 
w^here these noble vessels now lie. The energy and 
enterprise which the corporation of Glasgow dis- 
played in undertaking the works which have 
wixmght this wondrous change, and made their city 
a sea-port, have been richly rewarded. It has 
resulted not merely in a vast increase of trade, but 
in an imiivalled development of the ship-building 
industry. The engineers and ship builders of the 
Clyde were amongst the first to appreciate the 
advantages of steam pivjmlsiou* and of iron hulls ; 
but their conceptions could never have been fully 
realised in the construction of large shij>s, had not 
the river been rendered navigabla Even now it ia 
a matter for suqirise to the mitor that shijis of the 
gi'eat length and weight commonly built at Glasgow 
can witli safety be launched into a comimratively 
narrow river. Care and skill triumph, however, 
under even these atlverse circumstances, and it is no 
exaggenition to say tliat the Clyde st^inds pre- 
eminent in the constntction of ship of all classes 
and sizes, competing snceessfully with other places 
which iKjssess far gi^jiter natural advantages. Somo 
of the finest iron -clad ships of the Royal Navy, 
and many of the largest trans-Atlantic steamers, 
have been built at Glasgow, Ships for war and 
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comnieroe* paddle and screw steamers, sailing clip- 
jier ftbips, [K)wei*fiil steam dreiiges, such as have been 
90 BuecessfuUj used in deepening the Clyde itseli^ 
and many other tjjies, can be inspected in all 
stages of construction. But everywhei^ ii*on and 
steel will be found in use, and a wooden ship will 
scarcely be seen. 

It is difficult to make clear to the general reader 
the real magnitude of the work done annvuilly by 
the Clyde ship builders. Take the year 1873, for 
example, and it appeal's that no less than 143 ships 
were launched, having a gross tonnage exceeding 
230»000 tons. The value of these new vessels 
probably appi*oached dx fmlliotis stedbifj; and at 
the end of the year there remjiiiied on the stocks a 
total tonnage of more than 190,000 tons. It has 
been sai<l, and doubtless with truth* that the Clyde 
alone produces more new ships than all the |x)rts 
on the Continent of Eunjpe taken tc^gether. Even 
when compared with the uggregate tonnage built in 
the United States, the ont^piit of the Clyde yards 
ap{jears very considerable. In 1873 and 1874 the 
Aujetican yai'ds protluced about 800,000 tons of 
shipping; during the same yeai's tlie Clyde yards 
hxnnchod al>out 500,000 tons. In the ten years, 
1868-1877, the total tonnage of ships Inimched on 
the Clyde considerably exceeded two millions of tons. 

The largest ship-building establishment on the 
Clyde is that of Messrs. John Elder and Co. It 
covei-s about sixty acres of land, and contains not 
merely a large plant for sliip building, but also a 
nmgniJicent engine factory, where the machinery 
and lx)ilers are constmcted for the ships built in the 
yard. On an avenige 4,000 men of all tnides are 
employed, and the annual out-put has sometimes 
exceeded 30,000 tons — al>out 50 per cent, in excess 
of the annual increment made to the tonnage of the 
Boyal Navy from all souives, and about e4pial to 
the total tonnage of the English fleet which en- 
countered the Spanish Armtula. A single private 
Wtablishtnent can now produce in a single year 
shipping of equal tonnage to that mustered under 
circumstances of extreme [leril from all parts of 
England thi-ee centuries ago 1 But even tliis state- 
ment of the contrast is incomplete ; the moilem 
shi]hs would lie far su|ierior in wim and structui^e to 
their jnedeceHSors, and nearly all of them would be 
fitt<*d with jKJwerful engines, eajiahle of propelling 
the veiMids against wind and sea. Messrs, Eltler 
nndertnke the eotistniction of all elasBes of ships ; 
and at various times have built ships for the Royal 
Kavy. The reputation of tli© firm is, however, 
niaiiJy due to their snooess in the construction of 



ocean steam-ships. The late Mr. John Elder ' 
one of the chief advocates of engines on the " o 
pound " pi'inciple, which greatly economise fnel^ and I 
render it possible fur vessels of moilerate fiiae Id \ 
perform the longest ocean voyages imder steam. 

Limits of space prevent iT-ferenee to any rf 1 
the other eminent Clyde Khi[i builders, whoso i 
vessels ai*e well known all over the world. Many 
of these firms devote themselves to the eonsinictiofn 
of special classes of shijiR, 8ome, for examp]6^ 
excel iu stiiling-sJiiiis, a large number liaving been 
built recently, notwithstanding the progress of 
steam navigation, and competing T*ith steamera cm 
distant trades, like that with China or AusctruKflb 
Other firms pay 8j>ecial attention to sliallow-^lran^ti 
ships ; maiiy of these vessels are erected on tha \ 
Clyde, then taken to jjieces for transhipment to tha 
localities for which they are buUt^ and finally put j 
together there. Cargociain-iiig vessels fundah th« 
staple industry to still other firms; and the non-j 
df*scrif«t small fry of barges, cb"edgt«, tugs, ^tc, nx^\ 
constructed in yards where larger classes of shipn-l 
are rait^ly if ever laid doii^Ti. On the Clyde thflf 
bulk of the work done is in buildittg ahipa ; ( 
may travel far along either bank of tlie river and j 
see but few establishments whei-e re^mirs are uu 
taken. There iire, however, a few such refi 
yards, and one of the most notidjte of these is ihuft 1 
ot Messrs. Inglis, whei^ one of the largest listiUi^ 
u[» sli]>s in the world may l>e seen in o|>enitioa. 
Ajiother notiible fact is that by fai* the greater II10D- 
ber of the leading fi mis on the Clyde are engtmsoni 
as well as ship buildei's ; not a few having U^en I 
engineers originally, and having added ship building j 
to their business, vihen the construction of inm 
ships l>egan to be practisetL 

The Tyne, unlike the Clyde, has for a -^^^ry long j 
period l»een kiiown as **a nui*»eiy of sliippitig," to 
quote the words (if a committee of the House of 
Commons in 1G42, In the reign of Edward 111 
the coabtields in this district were first worked, atiii 
a large export trade .soon spmng up. Londosi snii ] 
the south of England liegnn to receive '^sCMipborM** 
ci>al, and Fnmce Ijecame an extensive buyer New- 
castle cojiseipieutly became a great centre of shipping 
and ship building ; ami when Sir Walter Hiil<*igb i 
summarised the naval force of the kingdom, in bin 
"Invention of 8liip|)ing," he laid gi^at stnssa on the 
value of the '*two hundred m\\ of cramslert or 
hoyes of Newcastle,** whidi ** may be chosMi oat i 
of four hundreti/* Wlien wood slnjis began to fftm 
place to ii-on, the Tyne j^hip buildci^ did not at mm 
begin the construction of iron sldpa, altliotigb ilkij 
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were so well placed for tke pi*actice of the new 
influstry ; but in 1840 the first 8tei>8 were taken^' 
antl now very few wood sbipi* are built. As the 
visitor ptisses down the river from Newcastle to 
T>nieniouth he may see here and there a w^ood Hhip 
ill fiurae, but the akeletona of iron ships will meet 
his gaze on all aides. On the T}Tie the ship-jard& 

! not clustei-ed so closely as they ai-e at Glasgow; 
od the chai-acter of the river-banks, with the 
Numberless factories planteil thereon, is so entirely 
diflbrent fmm that of the Clyde that it is very 
diflicult for an observer to appreciate the scale 
upon which ship building is carried on. The tr*wle 
on Tyne^side is not nearly so considerable as that 
on tlie Clyde, but it is, nevertheless, veiy imi>or- 
t*int: the tonnage built annually for many years 
pafit has averaged about 50^000 or 60j0€0 tomu 
CfOrgo-carrying steamers of moderate 8|)eed are the 
types most commonly prod need, and they do their 
work exceedingly well. Other classes are, how- 
ever, by no means neglected, and the Tyne can 
Ixjast of ii*on-cla€l war-ships as well as tirst-cliLss 
mail steamei's biult on its Imnks. Two specialties 
of this river are its steam colliers and its tugs. 
The latter are built in considerable numbers, and 
employed all round the coast ; while the colliers 
are so well adapted to their special work as to 
deserv^e a brief notice. 

Prior to 1850, only sailing colliers were employed 
in the trade with London ; but they could not eom[«?te 
Buccessfnlly with tlie railways, and in>n screw colliers 
were then introduced by Mr, C. M. Pahner. The 
pioneer vessel was nwrned tJie John Bairns, and her tirat 
voyage w*as an earnest of what the new type would 
^^c<;^mplish. In four hours she received on board 
650 tons of coal, her passage to London cMXUpied 
two days, her cargo was tlischarged in twenty-four 
hours, and within five days after lea^4ng she was 
a^ain in the lyne, having accomplished an amount 
of work which would have occupied two uvei-age- 
»d sailing colliers a fuO iiiontk Since 1850, many 
^diuiges and iminx>vements have lieen made in the 
screw colliers, and whereas in 1859 those vessels 
brought about 650,000 tons of coal to London^ 
in 18GD they brought 1.700,000 tons. The 
colliera now in use uj'e larger and swifter than 
those of twenty years ago; hydraulic and other 
nittshinery is largely used for loatlmg and unload- 
ing theii* cargoes, and time is further saved by 
the use of water ballast* Formerly rubble Wllnst 
was used, and when a collier hatl dischai'god her 
cargo a oonjiiderable time was occtipieil in fmtting 
bttUflflt cm board for the return voyage. On her 



arrival in the Tyne, this ballast had to be dJi»- 
chai'ged, at the cost of much time and labour, and 
the huge ** ballast heaps " which abound along ihe 
river-banks— puzzling the visitor who strives to 
guess their origiix — bear witness to the great 
savings which have resulted fi'om the use of water 
ballast. Cellular tatiks are formed in the bottomfl 
of the colliers, and as soon as their cargoes ftxe 
discharged they at once start on the return voya^ 
On the way do\^ii the Thames the ballast tanks are 
filled ^ith w^ater, and the vessel is in sea-going 
triju by the time she reaches the Noi'e. On her 
arrival at Tyne mouth, or even sooner if the weather 
IB favoumble, the oi»eration of pumping out the 
water ballast is commenced, and continued as the 
vessel makes her way up to the loading stage. 
Coal-laden railway trucks there await her, her 
loading at once begins, and by the time this is 
finished the liallast tanks are fi^ee, and the collier 
is i*t»a(Jy to start on another trip. 

The Wear and the Tees have much in common 
with the Tyne, and the practice of ship builderBi at 
well as the ty|>es of shi})s produced, in these threa 
districts are very similivr* Of the three, the Wear' 
is the most productive of new ships, and the Tees 
occupies the lowest place ; but even the Tees much 
exceeds in its out-put the Mersey or the Thamea. 
Taking tliese north-eastern districts together, it 
apj:>eai"3 that in4he period 1871-75 they produced 
a gi eater tonnage than the Clyde ; and during the 
year 1877, when the trade on the Clyde suffcrcnl 
sevei*ely from stiikes, the north-eastern districts 
not merely gained relatively, but pi-oduoed a greater 
tonnage than they had ever attained before. It is, 
indee<:l, obrious that so far as regards natural 
advant;ij[^es for carrying on the busineiB of iron 
ship building, these three ri%^ers surpass the Cl)'de. 
Flowing through a great coal and iron distriet, the 
nuitei'ials ivqub-ed by the ship builder are ready to 
hand, and chea|>er tlian elsewhei-e. The lead which 
the Clyde has obtained must, therefore, be attri- 
liutefl mainly to greater entei-prise on the jiart of 
the Scottish ship bidlders, and to the fact tliat on 
the English rivers the coal trade and variotia 
nmnufaetm^s ai^ carried on upon a scale of tuch 
magnitude as to withdrtiw attention ^m the fitUer 
development of the shii^-building industry for wludt 
the districts present such facilities. 

On the Mersey, shifj budiUng may be said to he 
ovei-shadowed by shipj)ing. Attention is a^raeCed 
towanls the forests of masts and milee of docfcii 
and a visitor nuiy easily overlook the ship- 
yards, although their work is very important and 
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extensiva Many well-equipped establishments exists 
iw^hei'e the building or i-epair of ships and engines is 
auTted on upon a large scale; but Liverpool no 
longer occupies so high a place as a ship-building 
port as it did in the earlier days of iron ships. 
From SOjOOO to 30,000 tons of new shifts is about 
the average annual production, and this is a very 
small percenti»ge upon the tonnage owned iu 
Liverpool or trading from that port. LiveqxKjl 
ship-owners find it preferable to have most of their 
vef3aels built on the Clyde, or in the north-e^nstern 
port& Of the shipyards still at work, that of the 
He68r& Laird is by far the most important. It 
WM one of the earliest establishments in which 
iron 8hi]J8 were built, and the success achieved in 
this direction formed the foimdation of a i-eputation 
that has since become world-mde. Ships for war 
and commerce, of all chisses and all sizes, have been 
constructed by tliis firm; their yard contains all 
necesiary plant and facilities for re|»airs as well as 
for bttilding, and engines tis well as &hij)8 are 
producetl. Many of the ships built by the Messrs, 
Laird have attained gi'eat notoriety. From their 
jard issued the Alahctmay to commence a cai'eer of 
daring and destruction ; the ill-fated Captain was 
also built by them, in conjunction with Captain 
Colea; and the Vant/iuird^ which sank in the 
Irish Channel after collision with the Iron Duke^ 
was likewise their work. Three out of the four 
well-known Holyhead packets wei*e built in this 
yard, and several ocean-going steamers of large size 
aiid high speed. Wlule closely associated with the 
jaeroantile marine, Messrs- Lfiird's establishment is 
one of the great private firms which give valuable 
aid to the Royal Kavy» and are capable of building 
mm-elad shi[is. Of lata years, hu'ge repairs, as 
well as new work, have b*?en done by the fiiTn on 
several of H.M. ships, and the Eoyal D<x;kyards 
have thus been considerably relieved in times of 
pre«8tire. 

Tlie Thames has been placed last in the list of 
centres of ship building because it has for many 
jears pest done the least work in producing new 
ahipa A large 8Mi>-buLlding ti-ade still exists, but 
it is far less im]x>i-tant than it was twenty years 
agpy.and it is a sad sight to note deserted shi|i-yiu*ds, 
like that at Mill wall, where once thousands of 
workmen were employed. Voaious causes have 
contributed to work this change. It is imdeniable 
that the Thames was placed at a disadvantage, as 
compared with other centres of ship building, when 
the use of iron and steam-power became general ; but 
its greater distance from the iron and coal districts 



will scarcely account for the rapid decay of ship 
building* The most influential causes of this decay 
were doubtless the frequent occurrence of strikes, 
and the maintenance of an artificially high 
rate of wages. Consequently the cost of labour 
on a ship built on the Tliamea was made much 
greater than it would have been on the Tyne or 
the Clyde, and this difference practically thi-ew the 
Thaines builders out of competition. A large 
amount of repaiiing work is necessaiily done in 
the port of Loudon, and this gives employment to 
large numbers of men ; but several building-yards 
once famous are now closed, and there appears no 
prospect of tlie revival of ship building, A few 
firstHjlass yards still remain at work Of these, 
the chief are the Thames Iron Works at Black- 
wall, Messra. Samuda^s yard, and Messre. Green's 
establishment. In the earlier stages of the iron- 
clad reconstruction, the Thames Iix)n Works 
held a high jdace. Some of the largest ironclads 
of tlie Koyal Navy were built there, and the firm 
made a large quantity of forged annour-plates 
before the present mode of manufacture by rolling- 
mills had been developed. As a consequence, 
large orders have since been I'eceived from foreign 
Govemmc^ntfi — ^Turkey, Gennany, Greece, and Spain 
being amongst the number ; and the Admirfdty 
have entrusted importtuit contracts to the com- 
pany. War -ships have ab8orl>ed the princiiml 
part of their resources, but merchant-ships have 
also been btult ; and it was in this yard that the 
twin-ship Castfdia was constructed, Messrs. 
Sainuda also have, of late yeaj-s, devote<^l most of 
their attention to tlie construction of ships of war 
for foreign Governments, having executed large 
contracts for the Germans, the Japanese, and th« 
Biuzilians. Messrs. Gi-een are well known as ship- 
ownei-s as well as ship builders, and the imputation 
which was won in the days of wood-built East 
Indiamen they are striving to maintain under the 
changed conditions of the pi*esent day, when iron 
hidls and steam-power are essential to success. 

From this rapid survey it will be evident that 
the national resoiii*ces for producing new ships are 
well proportioned to the magnitude of British ship- 
ping. From 400,000 to 500,000 tons of new ships 
are annually addetl to the Register, and a large 
amount of tonnage is binlt for foreign na\'ies, as 
well as for the Royal Ka^y* In 1875 no less than 
52,000 tons of whipping were built in the United 
Kingdom for foreigners; and private yartls have 
built iron-clad wardships for most of the maritime 
powers, including Germany, Russia, Turkey, Spain, 
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Fartiigal, Italy, Denmark, Greece, Brazil, CMli, 
Peril, and Japaru Unarmoured war-sliijis of all 
classes have likewise ijeen coiiatnicted for foreigni?i^, 
and very many merchautmeiL Some of these pro- 
ducts of British industry may be used against us 
in a niival war ; in fact, this has already hapi>eued, 
for the Pei'U%dan ii*onclad Iluascar, which fought 
H,3L ships Shah and AmHhyBt in 1877, was built 
by Messrs. lAtrd* This fact has been lu^ed as an 



bt Dot required for mercantile ship building i 
scarcely maintain their position apart from foreign 
patronage* In short, foreign patronage, under ordi- 
nary conditions, helps to support and extend our 
ship-building resources, which in time of war can i 
readily be made available for the national defence* I 
The avei-age addition made annually to the Royal 
Navy is about 20,000 tons : about two-thirtls of iliia J 
tonnage is usually built in the royal dockyards, and I 



A 



objection against the policy of building foi-eign war- 
ships in this country ; but thei-e is a weightier argu* 
ment in favour of non-interference with priyate 
entcrprisa In times of transition, like the present, 
when great changes are being niy»idly made in the 
ty]x«, armour, and armament of ii-ar-ships, the fii-st 
im{xji*tance attachee to the possession of vast ship 
building reaoiirces, available at short notice to pro- 
duce selected claeaes of ships. But these resources 
lie in the great private establishments, equip|)ed 
with all tlie neoeasary special appliances ; and thene 
ettablishmentB, with expensive plant, some of which 
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one-thii\l in private establishments. The productioti 
of all the dockyards, in time of peace, is, therefore, 
inconsidemble when compared with that of a few 
of the largest pri%*ate ship-yards ; and it is to the 
latter that we have to look cJiiefly for new ships in 
war-time. Then the normal addition to the fleet can 
be trebled or quadiiipled with ease. In 1B55, for 
instance, no less than 75, OCX) tons of new ahips 
were added to the navy: in 1861 about 56,000 tons 
were built ; and in case of emer*gency much mors 
coo Id now l^ done than has ever yet been acocni* 
plished in rapidly strengthening our naval force. 
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turn off Hs thousnnd, hut said to tliem — ' Noble 
fighters, this m the land we have gained ; be I Lord 
in it — what we call Uttn-icnrd^ maintainer and k&cj^r 
of Heaven*s laim : l>e I law-ward^ or, in bnef 
orthoepy, Li^rd in it, and be ye lojal men around 
me m it ; and we will stand by one another, a-s 
soldiers round a eaptiun^ for again we simll have 
need of one another \ ' Plug^ou, buecaneer-like, 
Bays to them — * Noble spinnera, this is the hundred 
thounand we have gained, wherein I mean to dwell 
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must act as such; all speed to these — they are 
Englaaid's hope at pi-esent." That passage very 
fairly sets forth the distinction between a selfish 
employer who, in his relations with his servants, 
acts on the piinciple of roei-e supply and demand^ 
as contradistinguished from such a " cai>tain of 
industry " as Sir Titus Salt. Workmen will be 
veiy much like their mastera. Let the one lie 
selfish and grasping, the othei-s will be sHpshod ^id 
idle. They consider that it is tpdte as fair to shirk 
duty on theii' aide as it is for him to screw more 
tlion the wages-value out of them. It is a fair 
fight. Given a factory clean and healthy, and a 
master who has some consideration for his workers, 
there shall be no unnecessary waste either of time 
or of material : given a master who thinks any elie<l 
good enough for work-people, and that his duty to 
them is done when he pays then* wages, the 
machines will be rusty, probably there will lie 
endless waste, and the work done will only be 
of mo<lenite quality at the best. These reflections 
beaj- diix^ctly uix)n the question in band, Those 
who have had any experience of factory o|>erativea 
and factories would almost be able to pi-edicate fi-om 
the appearance of a mill the character of master 
mk\ man. The works at Saltaire are an example 
of the projKJsition. Wlioever has gone thi'ough 
them must have noticetl the scrupulous cleanliness 
everywhere, the entii-e want of waste about the 
looms, the comparative absence of dust in the vicin- 
ity of machLnery simply of a purifying character, 
the hick of untidiness in the sorting end picking 
departments, and the purity of the air and bright- 
ness of tlie sunshine in aU parts of the buihUiigs. 

Among the many industrial piles in the king^lom, 
that at Saltaire is one of the most notable. Exte- 
riorly, it sins against the dogma of Ruskin, that 
the useful should not be ornamental, for, like all 
the other buildings in the pltice, it is in the Italian 
style of architecturt*, and remiU'kably handsome and 
maasive in design. The main blocks are in the 
form of a T, ervckised in a square of outer offices, 
warehouses, and loom sheds. Built throughout of 
lightH;oIum'e«l stone, they have the cletmly apjiear- 
iince which bricks can never attain, and with tljeir 
tall chimney shooting aloft like a bell-tower or 
ituliari cainiwinile, they form a striking featiure in 
the landsca])e. 

Coveruig im area of 10 acnSi thMe works Imve a 
floriring space of 55,(10(1 sfpiare yiuxls. Tlie main 
lilocks rise to a height of 72 feet, and are dividtxl 
into six storeys. The south fitjnt is 575 feet long, 
aa4 tin warehouses, which run at right taiglm to 



it, 330 feet The engine houses stand at the junc- 
tion of the two blocks, and are fitt^l with i^ve 
engines — four horizontal, on the Corliss principle^ 
with Mr. Spencer's improved expansion motion, 
nomimilly of 100 hor8e-i>ower each, but cajMible of 
being worked up to 1,700 ; and one vertical, of 36(> 
horse-power. The motive i>ower for these splendid 
specimens of engineering skill is obtained from 
sixteen boilers, and they diive some three or four 
miles of shafting, as well as innumerable implements 
of the jwost curious, costly, and wonderfid chaiiicter. 
When it is stated that 2,400 tons of stone were 
used in the beddiug of the engines, that the walk 
of the main buildiugs are some five feet thicki and 
that the floors rest upon arches of hollow brick, 
supported by iron beams and ornamente<l iron 
pillars, some ide^v of the substantiality of the whole 
pile may be obtained. At one ^nd of the Bouth 
front ai-e weaving sheds, in which 1,200 looms aro 
daily at work ; at the other, a combing shed, 210 
feet long and 112 feet wide, besides sorttDg, drying 
dyeing, washing, reelingj and packing roomsi. The 
offices, which have a fi-ontiige of 240 feet, nin along 
the side of the turnpike ixKid, and in the ceotro 
of these Is the great gateway, or main entranoe. 
Ttie top room on the south front runs the entire 
length of the building, and is probably the largest 
in the world ; while over the warohousea ho^i been 
constructed a huge water tank, capable of contaiidng 
over 70,000 gallons of water. To compl'ijtc the 
description, note must be taken of the gas works, 
which not only suj^ply the fiictory, but the towij, 
the i>eople paying for it only 3s, 6d, per 1,000 
cubic feet. Tlie chimney, as has been said^ tiam 
to a height of 250 feet, and is 3G feet square at the 
base, while a splendid stone bridge, or rather series 
of bridges, has been constructed along the high road 
over the railway, the canal, and tbe river. The atu 
of these works has been admirably chosen. Ona 
side of the Sipiare is flanked by the line of the 
lyiidlau*! Railway Company's system, another 
along the Leeds and Airedale canal, while the 
roacl fmm Bingley to Baildon skirts a third. So 
that it is equally accessible by road, river, or imiL 
Tiie rooms in the interior are lofty, light, and wdl 
ventilated ; and the walls, instead of being coveivd 
simply with glaring whitewash, are tinted, and 
have a veiy pleasant ap[»earance. Let tts now m9 
what niiinner of work goes on tn^de the buildinga 
Before the al[iaca fleece is tran^sfonih ' ' l.iUi, 
it goes through no leas thim fifteen jin> 

cesses^ and tlie machinery employir^ in tbcse ii 
aimply uniipic, The wool is disembarked whoUj 
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either in London or Liverpool* It is made u]> 
in BDUiLl bales— or " ballots/' as tliey are tet.'hnicjilly 
called — each containing seventy pounds' weight of 
fleeces. The Midland and other railways bring 
it by a private line under the arches on which the 
suun buildings of the factory at Saltaii-e are ei-ected, 
and it is hoisted direct from the trucks to the 
receiving room. Thence it is taken to the aorting 
department, where the different qualities, colom-s, 
and lengths are deftly divided. This is rendei-e<l 
neoeaBary from the fact that the fleece of one sheep 
ia not of the same quality throughout, and some- 
times one ** ballot '' contains the fleeces of all four 
fipecies of the llama. Sorting is an operation re- 
quiring great experience, and so skilful have some 
of the workmen become that eye and hand are keen 
enough to discern differences which ai-e only appa- 
rent to the uninitiated by the aid of the microscope. 
With unerring skill, tlie wool sorter tlivides the 
alpaca into fi^m six to sixteen diSerent clajsaes and 
qualities, according to the variety of the material 
that lies strewn before him on tables breast-high, 
casting each handful or two rapidly into its jjroper 
baaket around him on the floor. On its arrival at 
the works, the alpaca ia genendly in so til thy a 
condition that nothing fuither can be done with it 
till it has been thoroughly washed. In ORlinary 
factories, old-fashioned machines are still in use for 
this jmrjiose. At Saltaire, however, new and much 
more exp»editious implementH are at work. Instead. 
of beating the wool with a club-like wheel, in the 
tub containing the cleansing liquor, a soH of rake- 
wheel is employed, which not only tears the matted 
alpaca asunder, but much more thorouglily ex(x)fies 
0very fibre to the action of the soap and water. 
From the w:\shing room the alpaca, now bright and 
clean, though wet, passes to the drying machines. 
Having been fiartially dried in the huge dry era 
which, whirling round at an incalculable velocity, 
drive off the moisture by centrifugal action, the 
wool ia passed over a series of ste^m cylinders, and 
finally placed on a winnower, from which it emei^gea 
** dry as bone." It is now reaiiy for picking or 
plucking, which is done by its Ijeing piissetl l^etween 
two cylindei-s armed with short iron teeth sliglitly 
hmL By this meuns the matting not taken 
out in the washer, the burns, and other fon^ign 
materials that cling to the wool, are removed. 
The fibres, which were inextricably mixed, are 
roughly prejiared for the combing process by being 
next pulled somewhat straight. These four ai-e 
merely pi'eliminary stages in the transformation of 
the raw into the finished pi-oduct 



Combing was formerly a long and arduous park 
of the work of cloth -making, since the fibres of the 
wool hatl to be laid stitiight by being pulled through 
combs armed with one, two, or thi-ee rows of iron 
teeth. One of these tools, having l»een heated^ 
was secui'ed to a post spikes upwaixls, a certain 
quantity of wool placed ujM>n it, and, by means 
of another comb, pissed backwards and forwards 
till it WiL^i ready for dmwiiig and spinning- What 
was so slow, however, was subsequently done much 
more rapidly and eflicieutly by machinerj-, which 
was constructed to imitate as closely as possible the 
hand process. The i>atron saint of the couiThm's is 
St. Blaize, Bishop of Sebasta, in Cappadocia, pro- 
bably because his flesh was torn fixjui las limbs 
vi-'iih hot ii'on combs. A legend inins to tbe eflect 
that he discovered the means of teaiing out wool, 
but this is [irobably apocry]jhaL By hand, a consi* 
dei*able waste was occjisioned, but by the perfected 
nuichines used at Saltaii*e, which are an adaptation 
of the famous invention of Heilman, ^^nth Lister's 
screw-gill improvements, the waste or ** noil " ia 
very slight 

These delicate and intricate machines, roughly 
speaking, consist of three paits : the feeding portion, 
which carries i>ortions of the plucked wool foi-^'aiH:! 
to a revolving comb, some of which have seven 
or eight ** pitches " (i.e., rows of spikes or teeth) ; 
and the combing apparatus, which straightens out 
one portion, and gives it up to the thii'd part of 
the mechanism, whose duty it is to lay it in bands 
or ** slivers," and carry it away for the next oi.K?ra- 
tion. The four chief jiatents are those the essential 
parts of which are presentetl in the accompanying 
diagrams.* Fig. 1 : This machine was an improve- 



Fig, 1.— LisTKK ^siit t>oxBriTHORp£ ] Mjlchisx. 

ment on that of Heilman, and its advantages aro 
to increase the quantity of the work peiformed in a 
given time, as well as the range of mateiial which 
can be manipulated. The feeders A, and the screw 
gill A A, carry the prepared wool into the machine 

• From tbe article on '* WooUeti and ^\'orate«! Matiiifncturet,*' 
*'£i}cyc1oiMBd{ii Bfi^annica," «tU eilition, by |>eriiii9sioa of 
MeBBTi. A. 9Md C. Black. 
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and cxsmb it as it goes* Tbe nippers c detacli a 
portion, wlucli is bniahed by b, cairied forwaixl 
by tlie porter-comb B, and delivered to tbe cii'cular 
combs at £l At tbe instant it is so deUveredf 
anotber briisb* r, jn^esses tbe portion of "wool into 
position for lieing properly drawn ofl", and tbua it 
gemm into tbe revohing drum, and is delivered a 



^ i¥ 
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perfect ** slub " or band. The other machines are 
very much similar. In PreUer's (Fig, 2), A A 
ai'c the feedei-s; B, a receiving arm, is a comh 
wliich carries the tuft of wool at tbe receiver F, 
through the card cylinders D D D, V>y which its tail 
end is effectually combed, Cmbtrees machine 
(Fig, 3) simply vtiiies tbe taking mechanism. 
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Hoit% uiatead of one ai-ra, there are four, B, c, e, 
and F. Tlie feeders are at a a, which give the wool 
to a series of card cylinders, ii h H. As the large 
ibnun in the centre of the diagram revolves, tbe 
wool is taken from carder to canler till it amves at 
E, where it is caught by the receiver g, pressed down 
by the bi-ush i, and earned away a perfectly combed 




Fig. 4w— SuitiormA.li uip Bscywif's Macbots, 



•* dub." The last machine (Fig. 4) is the |mtent of 
Measzm Bamabotb&m and Brown. The chief 



novelty of this implement consists in filling the 
fibre into the teeth of a receiving comb across a 
screw gill, the teeth of one standing at right angles 
to the other. The gill D n is made to slide on the 
bed c, When close to tbe end of the slide at A, n 
catch-comb susj>ended in fmtit, but not seen in the 
difigi-ain, drops inti) tbe end of the fleece^ and by its 
rt^eding motion carries it to the outer edge of tbe 
receiving comb e, and delivers its load from one 
end of the gill bar to the other in cousequenoe of 
its cii-cular motion. These gill bai^, lieuig inclined 
to the plane of their motion^ cause [portions of the 
wool so supplied to overliiji each other, and thus it 
b capable of being 4lmwn out more easily. The 
receiver revolves verticidly in tlie dii^ection of the 
arrow (see fig.), and by this pi-oeess the **noil** is 
not, as in the other machines, pressed into a btuxl \ 
mass. All these appliiinct*, it will be seen, etfec- 
tuidly comb the w<x»l piecemeal, yet give it up in a 
continuous " slub," and with much less waste than 
w^as necessitated by tbe oi-dinaiy hand comb. AH 
have their iulvantrtges, but thf;»se of C^nbtree ftad 
Ran^sbothani ai*e held in great repute by very gtiod i 
judges. 8ir Titus Salt's ** coui>)ers " are wonder- j 
fiiDy ingenious and delicate, and the adaptation I 
of these machines to the character of Uir aljiaca 
was the gi-eat difficulty wljich this ** industrial ' 
chief " had to surmount. The combs, as luis been I 
ab'eady said, are of a much d*»e|»er ** pitch," and, 
AS tbe wool is more delicate in fibre, tbey arr 
finer in worknijinship and nicer in npenition tlian 
the oixlinary implement used in the manufacture of 
wool. These machines do as mncb work as ISO] 
hand workei-s^ and at one-sixth of the co«t, wliile 
tlje 4Ufmtity of waste is infinitesimal as conijuared 
with the miuxual process, and the work much xmms 
efficiently aceonijdiabed. A stone of alftaca, after 
being combed, yields on an average about eleven or 
twelve lb. of ** top " or spinable '» sliver/' and two 
or three of ** noil," tbe remiiinder representing 
the dust and foreign substances with which tb© \ 
product Wits charged on it.s arrivid at the works, 

'' Slivering " is the next and, at Saltaire» on«> 
of the most imi>ortant of all the ojiemtionii, for 
by this jirocess tlie beautiful combinatioDS and 
admixtures of natural colours necessary in plain 
undyed cloth, are obtained, and it is < ined 

to this material. The *' slivering" nin- \ uoC 

the invention of, axe at any mte solely ponaoneil 
by, Salt luid Co., and the work they do is almost 
incredible. It is not given to the general public! 
to know the mechanism of the ** slivering bor," 
but it may be called a cylinder, fitted with 
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•crew gills, into which the various imtura]-€oloure>d 
alfiacas are put, mextricably mixetl^ and drawn ready 
for t^e "canierB." It was only by long cxfKjrieDce 
that the propel* quantities necessary to produce the 
Tarious shades, and the length of time reqidsite for 
these extraordinary machines to do tlieii^ work, 
were reduced to a science ; and when we recollect 
the tin men ae numliers of shade combinations which 
are oonstajitly woven, the miracle of the sliveiiog 



These operations, though generally called "dirty," 
are pro<hictive of no dirt in the different dei>aitr 
ments at Saltaire. In fact, the visitor to the 'n orks 
is struck so far with the absence of dirt, dust, and 
din. Whatever diit thei'e may be is cai^fiilly 
kept out of eight ; and as the machinery works in 
exquisite i*egidarity, there is not that bewildeiing 
turmoil which is such a drawback in fac tones 
generally. One observes, too, tbat tbe work-jjeople 
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Tbj HrLL AT 8altaI£E. (From a ThiUxjtaph by Jkfr. B. WortnaXd^ I^di.) 



box by no means lessens. It has been computed 
thati in prcxlucing some of the shades, the individual 
iibs^s IB a given quantity of wool change places no 
len than 20,971,520 times before the I'erjuisite 
mixture is obt^iined. By meana of the screw -gill 
machine attached, the alpaca as it issues from the 
aliveiing box is partially combed out, and jutssed on 
as rude "clubbing " to the carding maehtne. It is 
generally found necessary to i>ass the material onoe 
or twice moi'e through the " combers '* l>efore it is 
aent to the drawing machines ; and, after passing 
through this second combing, it is bright, glittering, 
and variegated, as we see the warp aiid woof m the 
iimAhed £Bibric. 




are invariably clean, assiduous, and attentive. Not 
staring at sti-angers, gossiping with their neigh* 
bours, or stopping work to look at new-ci^mers. 
The golden rule — ^" One thing at a time, and that 
engaged in with all the heart **— evidently prevails 
here. 

Drawing is only a finishing of the previous pro- 
cess, and is so calletl because it '* draws" fibres of the 
wool out straight, and j)erfects the '* sliver " or l»anil 
ready for roving. The usual custom in the wool 
tnule is followed at Saltaire. The " slivers " are 
placed upon an endless apron attached to each 
of the six fmmes drawn thi-ough sets of *' screw 
gills,'' and between pairs of roUers into the coiling 
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can, where they are slightly twisted. Eight double 
slivers are then passed through Biniilor ** drawei-s," 
and proceed to the third set of machines, pi-ovided 
with two lai'ge spindles, which fiirtlier ♦* fthih " or 
twist the ^' slivers." These are cairied forward to 
a fourth machine pi*ovided with four spindlea, till 
at last they am ready for roving. That pi-ocess is 
simpiy a stage in ad\-ance of drawing. Tliei-e are 
eight macUinea in all, similar to each other, and 
each provided with eight spindles, which '* slub " 
the loose thi*ea<b still tighter, and they at once 
proceed to the ** spinning-jenny " — although, were 
Hargreaves to be resuscitated in these days, he 
woukl scai-cely know Uie modem "jenny." His 
machine was slow and rmie comjjai*ed with om-s, 
and hk utmost number of s|jiudles has been more 
than quadrupled upon each machine. 

There must have been something provociitive of 
thought m the occuimtion of the hand-loom weaver 
in olden times— the early yeai's of this centiuy 
are far behind us — for old-fashioned weavei^ were 
shrewd men. It is Robert Buchanan who says — 

** I thought and Ihouffht, and thick as bees the thoughta 
Biizz*?d to the whmale-whazzling of the loom.** 

But, except in remote comers, all that is done away, 
anil in 8altaii'e weaving is most prosaic, though far 
more ex|ieditious than was the old proems. And 
yet, aa one looks round the immense shed in which 
1,200 or more doulde looms are turning out 30,000 
yards of cloth every day, one cannot but be stnick 
rith the "march of ci%alisation." No less than 

^,688 miles of alpaca stuffs are turned out of theae 
premisejs every year — enough to reach from England 
to Peru, whence com^ the raw material. And in 
some reajjects tlie weaving sheds are the moat at- 
tractive part of these marvellous works. Everj^thing 
here is stir and life. Looms of the newest pattern, 
clean, bright, and pretty, upon which all kiuils of 
cloth are being rapidly woven — virgin white, mix* 
inren of all the shade« of the dove's throat, flowered 
fabrics, dyed stuffs, and so forth — while the pretty 
faces, tidy dress, and general smartness of the 
wenvers lend a charm to all that is foimd in no 
other de[iartment. A good weaver here can turn 
out three ** pieces" (120 yai^ls) [H?r week ; and of 
infi'rior and coarser material four or five pieces. 

Jlie names of the varioua materials woven from 
JpHi'a muke a long list. Tliere ai* lastings, cmpes, 
Orieans, casmptt,^ twills, French figures, Parisians, 
damasks, camlets, merinos, challiii, mousselaine do 
laine, col)ottrgs, paramattas, shalloons, duroys,9erg^, 
ainet*i, khyW'i'eens, [wplina. bombazuies, figiire«l 
phim satteens, cubicivs, fancy waistcoatiugs, 



robes for ladies (plain and mixed), lustres, mohair^ 
figured alpacas, and many otheiu One thing ia 
noticeable in the loom sbeds, as elsewhere thrwigh- 
out these works — the sliafting ia nowhere risible, 
nor those long ugly lengths of belting that so mar 
the cottp ffcdl in most fact<)ries. All the shafting 
is under the flooi's, and what belting ia requii*e«1 i^ 
not paraded to the visitor, but glides slily to its 
ap|>ointefl place. 

When the cloth leaves the loom, it is passed to 
tlie ** taker-in," who examines the workmajuship, 
and notes the defects, if any exist. Theae have to 
Ije tlarned cai'efully by women sjiecially employed* 
and, liaving finally ** passetl muster," are sent to tiie 
dyer if they are white, or to the finisher should 
they be mixed or figurmi The finisher is an 
imj^oitant jiei-aonage in the manufacture of al^iaca. 
It is his business to suige all the slight bits of wool 
that have not been pi-operly spun, to steam the 
pieces so that the cloth may not shiink aflerwarda* 
then to stretch, preas, and calender it to impro%'e 
its glo«is. Having successfully performed all theae 
ojieratioas, he htrnds it over to the warehouseman, 
who folds it neatly, jwicks it in convenient wrap|)erB, 
and sends it down, by means of the hoista thai- 
brought the dirty, cnide alpaca wool into the works^ 
to the mil way trucks, that speedily carry it to all 
parts of the kingdom, and to the various porta 
whence it is shippeHLl to every quarter of the globe. 
Many merchants buy the pieces as they come &om 
the loom, and dye them at home, b\it Salt and Co. 
are prefiai'ed to dye and finish before the cloth 
leaves the works. In fact, it comes in fieeoe at 
one end of this ix?markable establishment, and ga» 
out a beautiful marketable article at the other. 
A complete, self-contained, wonderf\il industrial 
organism is the Saltaii*e mill, and it may be said 
that the bulk of the alpaca that is imported into 
thin coimtr}' is manufactui'ed here. 

We have endeavoured to give an outline of the 
histoiy of this notaiile product, and the man who, 
by his tmaided ability, discovered the mett&a by 
which it mis^ht be manufactured, the pfocoMM 
through which the wool arrives at the perfaft 
article, and the town in which its fkbriciition ia 
carried on. NatuiuUy, much which might Ittve 
interested the adept has been passed in stlonc*; 
bnt iH?rhaps enough has been said to gii^ lli# 
general reader the sidient facts connected with this 
branch of English indusUy, which a few years ^» 
was almost nnknon-n, but which t<Mlay staiiib III 
the front rank of the Great Ikdustrigs or GESar 
Britain. 
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THE CUPOiA FURKACE AND "CASTINGS. 
By William DLT>ri>Afi ScoTT-3iIoNCRiEFif, C.E* 






BEFORE going on to speak of malleable ii-on 
and the various met bods etiiployed for pro- 
ducing it, we pi^oiKJse to devote a pajier to tbe 
subject of cast iron and castings. It bas already 
been explained tbat tbe Blast Furnace is used 
solely for smelting and purifying tlie oi-e^, and 
that this is generally done upon a veiy large scale. 
There is, however* another foiTn of furnace, which 
is almost identiail with tbe bbist fiiiTiace in many 
respects, but which is only used for melting the 
iron that has been previously obtained from the 
lJU!ger appamtus. This is called a Cupola Fur- 
nace, and is in daily openition in every est^blish- 
inent that reL|uirea ** castings/* Even in country 
TQlages it is a common adjunct to the local 
€aigineenng work which supplies jdougbshares 
laid pniniiig-hooks, and the various foiiiis of 
machinery which are now almost universjiUy used 
in agriculture. Except that it is less elaborate, 
the cupola furnace is simply a blast furnace con- 
structed upon a diminutive scale. It is built of 
fire-bricks bound togetlier by Ijands of iron to 
ensble it to resist the strains that arise from exces- 
jiirely high temperature, and is supplied by a blast 
df air fi^om a fanner. There would, no doubt, be 
A considerable saving in the amount of fuel i-e^ptired 
for melting a given amount of iron if the hot bb*at 
were employed. But as the furnace is generally 
in U8e for only part of a day, during wluch the 
casting is done that is required for carrying on the 
coQstraction of the various jiieces of macbineiy in 
process of being comi*leted, there could not be 
much, if any, economy in using additiomil fuel or 
kindling additiomil firc*s for tbe puqyone of keeping 
the bbiiit at a high temperature. Hence the Vibist 
28 gener&Uj cold. Wlietber rightly or not, there 
is still a prejudice in favour of cold blast ,iron, 
and " No. 1 Cold Blast ** is a common stipulation 
in specifications of machinery recpiiring cast iron 
for their construction. Aa the whole lieight of 
the furnace to the opening at wldcb the mate- 
rials are thrown in is seldom mot^ than fifteen 
feet — instead of eighty, as is common in bla^t 
faniaoes used for smelting crude ores — the *'bur- 
den** of the charge is, of course, very much 
lighter, and the blast requijed is coiresjiondiiigly 
reduced. This rentlei^s it uimeces.'^ary to em|>loy 
tile expensive and elaborate machinery of the 




blowing engine required for smelting ores, and 
a simple farmer is generally used. It consists 
of a circular casing inside of which tliere is 
a fan made with aims or vanes that allow tlie 
ail* fixun the outside atmosphere to enter at the 
centn^, and which revolve so rapidly that a cur- 
rent is produced The air is whirled out to the 
rim by centrifugal force, and is afterwaixls dii-ected 
to the bottom of the funuice by means of a pipe* 
All the oj)eration8 of suielting the iron in one of 
these small cupola furnaces ai-e correspondingly 
simple. In a hir^ blast furnace the process of 
** blowing-in " requires to be carried out with the 
greutest care in order to avoid the choking up of 
the interior by the materials getting bound together 
in a mass through wliieh the blast is unable to 
pass, and which it would be almost impossible to 
remove without taking the furnace to pieces if 
allowetl to cool and harden. The plan that was 
once adopted for " blowing-in " blast fui-naces was 
what is called ^* scaffolding." Tlie fuel was first 
sup|x>rteii upon bai'S an-anged in ixiws on a level 
with the top of the dam-plate until the molten metal 
began to appear, when the bars were i*emoved 
so as to allow the " charge '* to descend upon the 
hearth from above, whereiipon the blast was turned 
on ui full force. Nowadays, when a furnace is 
"blowo-in,*' it ts generally done by arranging about a 
ton of old timber in the bottom of the funiace to a 
height of three or four feet and then adding aWit 
six tons of coke. Further charges are then laid on 
above this, consisting of coke, limestone, and a very 
light " bunlen " of ore, the furnace being in this 
way chai'ged to about one-third of its height. The 
wood is then ignited, and when the tire has hmi 
time to ascend, other materials are added imtil the 
heat is sufficient to atlmit of the addition of more 
ore. When this begins to melt, tln^ blsist is tunied 
on, very gently at fii-st, but not witli its full foi-ce 
until a few days have ebiised, when it is expected 
that the ©iterations can be carried on with grt»ater 
freedom, Sevei^ weeks ai^ often allowed to pass 
before the charging and the blast are lH>th canied 
out to the maximum capacity of tlie fumaoe. It can 
readily be understood from this deHcription how much 
coa'e is necessary in " blowiug-in " a blast furnace, 
and how much loss of tirue and money would 
arise from the material collecting into masses 
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[led " scaflToldings,*' which prevent the blast and 
heat from i-eacliing the materials at the top. All 
this ii, of course, very much more easily accom- 
pliBheil in a cupola faruact;, whei-e a little tii'ewuod 
and coke is enough to set the opemtion goings and 
in which the furnace does not requli'e to be ^' blown- 
in '* for nioi-e than an hour befoi^ the cast ixx>n is 
sufficiently fused to admit of its being jxjui^ out 
into moulds. 

Before leaving this part of the subject^ it may 
be intei*esting to the reader to know something 
aljoiit the causes of explosions tbat sometimes 
occur in blast furnaces, accounts of which, 
uinh*v the heading of ** Accidents," not unfre- 
quently appear in the newspajiers, and which ai-e 
genemlly ricoompanied with much sulienng to the 
injured, fi'om the molten ii*on Wing scattered alxiut 
in all directions. It was exphiined in a pluvious 
paper tliat the hot blast from the blowing engines 
is conveyed in pipes to the Ixittom of the blast fur- 
nace, and that it is diiH^cted upon its seetldng con- 
tents by means of a nozzle, called a ** tuyere/' In 
onler to protect these nozzles from the intense heat, 
which would very soon melt them away, they ai'e 
suiTuundwl by cold water, which is ke[it in con- 
stant circulation, an«l which I'endei's them compara- 
tively cooL Almost all the explosions that have 
ever taken place in blast fuiTuices are traceable to 
a leak in this circulating apfuxnitus, which allows 
water to Ijo injected into the funiace aloug with the 
blast, and leads to such a sudden development of 
steam that an explosion follows, often throwing out 
great masses of molten iron and cinders, and de- 
stroying any unfortunate workmen who may hai>iK'n 
to be in tlie way. It appears, however, that leaky 
nozzles are so common, that if the mej^ injection of 
water into a bh^^t furnace were invariably followed 
by un expiosioti, such accidents would be nuich 
more fi-equent than tliey really are. This has led 
Home ironnui.stei's to conclude that it is not the 
presence of water, but the wet surface of a nozzle 
which hsiH lK?en melted off and fallen into tlie molten 
metal, that causes an explosion ; for experience has 
proved that a littlft scrap of wet iron, if forced 
amongst a molten mass, will be sufficient to cause 
H grf'Jiter cjitistrophe than water. It is this fact 
that makes pluml>era so cautious when they are 
-touring molten lead into a recess. Any moisture 
im the surface that comes in contact with the metal 
14 converted into steam so instantaneously, that care- 
lessness not imfrequently entails ufjon the artisan 
the j)enalty of loss of eyesight from the effects of 
the explosion. In blast furnaces accidents some- 



times ame from explosive gases getting into ihe i 
I)ipes wliich lead from the furnace to the blowing 
engines, and these create immense damage when 
they are exploded by ignition. The following is j 
tlie account of another kind of aocident wiiich ocOi^ J 
sionaOy occurs in connection with blast fumaoeft. I 
It LB given by Mr. Menelaus, the manager of the 1 
Dowlais Iron Works- 

" Mr. Ti-uraii s death happened in the folio 
way: — A poition of the ground in front of oiirj 
old works' funmces is an old cinder- tip, where th^ j 
cinders from the futnaces bad l>een thrown wheal 
they wei-e originally blown-in. Tlirough tli* 
tip we made a large brick culvei-t, for convt^\ 
waste gases to the Ibi^e boilers. We find thesifl 
culverts are cheaper than pipes, and on the wliolej 
they answer well. ^Ir. Truran's office wbjs 
n|Kjn the old cLnder-tip, al)0ut fi*om ten to fifteeal 
yards from the side of the culvert. A fvw daf 
after the gas had been turned thi-ough tlie cul^'^ 
Mr. Trui*an went to his office about midday, Iii| 
the evening, when he did not return home as n 
his family nuule seaix;h for him, and he was foitiut| 
lying dead on the floor of the office. He liad 1 
sitting at his desk with some drawings before iiiiD,1 
and he had evidently, from having been ovejiDOino 1 
by the gas, fallen from his seat There could be tin J 
doubt that he was poisoned by the gas. I wetitl 
with the jiny to the office, which hatl 1 
up from the time of Ids death, and th<" 
gas was quite j-*erceptible, and the atmosph«rs oTJ 
the office so disagi^eable, that we were obliged atf 
once to get into the open air. As the forgioa are I 
below the level of the fu maces, the gas in thf»] 
cid veils is under considemble preasui'e, and no 
doubt had escaped through the new brickwork ; 
and the loose cinder-tip into the office — how, there I 
is little or no knowledge." 

Many eXi)eriments have been madt* u\nyn tin? 
action of carlionic acid and cai'bonic oxide giiMas in 
their poisonous effects on animals, and the ocm*, 
clusioDs Uj which eminent physiologint*^ Utiv^ i 
are that the fatal ac<;idents wliich have hap|j 
connection with blast fm-naces have arisen from tliif " 
presence of the latter gas, which is said to be <Ustnic> 
tive to life when mixed with common air in llie 
proportion of six paits in one hundrt^. 

Let us, liowever, now retura to the subject of tlw* 
cu|K>hi ftnnace and castings. Wlmn speaking tdmul 
the fuel that has l>een used at various periods fdr 
the protluction of the different forms of com- 
mei*cial iron, it was pointed out that imfiroftd 
mctliwls of ti'eiiting coal were forced upon mTeiitocs 
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uml iniLniifiictiirers from the mci'eaaing Bcarcity gf 
timher available for making chai*coal, and tliat the 
^|jrosi)erity of the iron tnxde hiiigeU upon their 
success. A name that is intimately asaociated with 
thcx^e improvements was, however, left unmen- 
tionecl After several faUxires on the part of persons 
who obtainetl patents for the use of ** sea-co^ile " or 
** pit-coale " during the reign of Juniei? I,, in the eai ly 
years of the seventeenth century, Dud Dudley of 
Tipton took up the subject, but after having worked 
%t it under endless tilfficulties and litigation during 
the greater part of his life, it seems to have gone 
out of sight, and no great improvement appears to 
liave taken a permanent liold upon the industry 
aatil the time of Abraham Dtirhy and John Thomas, 
vhom we have already incidentally alluded to 
in this series. Dud Dudley was the fourth natural 
son of E^hvard, Lord Dudley, by Elizzibeth, daughter 
of WUliam Tomlinson, of Dudley, He was bom in 
151)9, and died at the age of eighty-five. He pub- 
lished a book iu 1665, called "Dud Dudley's 
]MetFillum Martis ; or, Iron made with PitrCoale, 
SearCoale, Jtc, and with the same FueU to Melt 
and Fine Imperfect Mettals, and Refine Perfect 
ilettals/* He left Balliol CoUege, Oxford, in 
1619, to take charge of his father s iron works, at 
Pensent, in Worcestershire, which consisted of one 
furnace, presumably a blast, and two forges, all work- 
ing A^-ith charcoal. It seems quite certain that his 
attempts to substitute coal for charcoal were so far 
successful that he brought Ufx^n himself the rivalry 
and ill-will of other maniifactui'ers, whose ii'on he 
was able to undei-selL Cmiously enough, though the 
great chjuiges in the value of money which have since 
taken place it^nder the comjjarison somewhat inexact, 
bo prices at which be sold his cast iron and iron 
ars we lie \erv much the same as those that ruled 
ill our own markets within tlie last ten or twelve 
ye^ars — namely, ^4 per ton for pig-iron, and £ 1 2 
for malleable bars. After many diilicvdties and 
diaastcn^ — one of which was the washing away of 
his mill by **the great Maij^i>i flood'' — he be- 
came connected witli two i>artnere in a fumaco 
U^fcP Brist^il, but soon found himself entangled in 
a clmijcery suit, he, on his ]mrt, alleging that they 
had cheated him. In 1657 tlie practice of using 
coal seems to have been entirely abandoned ; and 
Ihid Dudl«*y during seveml years sutfered in his 
business from lieing a Rrtyalist After being refusetl 
a further extension of his patents, wLich he asked 
for on tlie day of Charles IL*a landing at Dover, 
on 2Cth May, 1660, he apjjears to have ahandont^l 
his inventions /dtogetber. An account of tlie ir«in 



trade in the Forest of Dean was written by He 
Powle^ in 1676, and from this we gather that 
was canned on with charcoal as the only fueL 

It is after a lajj-se of about sixty years that 
come upon the Darby family, who may be said to 1 
thefathei^ of die modern pnictice of ** casting," Dr,| 
Percy, to whose i^^earches every writer in me 
lurgy raUHt be deeply indebted, did much for thfil 
history of the iion tm<le iu this country by obtainini; 
a record of the Darby family from its representative^ j 
!Mr, Abraham Darby, of the £bl>w Vtde Iron Work 
The Coalbrookdale Iit>n Works, with which thete 
names were so long and honourably aasociat 
belonged, it appears, at the time of the battle 
Woi-cester (8epteni1>er 3rd, 1651) to the family 
Wolffe of Madeley — **the same Wolffe who 
the battle sheltered the royal fugitive in a 
wliile the soliliers on tlie king's track were regale 
l>y Mi's. Wulde with bread, cheese, and ale,*' 
next owner wivs a Mn Fox, in whose hands thi 
furnace was bluuii up by an explosion arising 1 
the water getting into it from a bui-st dam. H« 
by the way» went t-o Russia ^^^i\l Peter the Great^l 
In 1670 John Darby occupied a farm called tbr' 
Wren's Nest, in \\^oi'cestershire, and his son Abra- 
ham, after having earned on the busint*^ss of a malt- 
miller at Bristol for about six years, went over to 
Holland and "engaged Dutch brass-foundeiv to 
return with liim to England/' With other partnen 
he established the Baptist Mills for casting br 
and took t\\^ mauitgement himself. We caimo 
do better than quot<3 the i-est of the narrativt? a 
Dr. Percy obtiiined it from Mi-s* Darby : — 

At this time a Welsh shephenhboy. named Jc 
Thomas, succeeded in rescuing a flock of his mastci^a 
sheep from a snow-drift ; and latei* in the spring < 
the sjime year, durmg heavy rain and the nieltiu^ 
of the snow, he swam a river to fetch home a her4| 
of mountain cattle, Tiiese he collected and drove 
to the river, but the ford had now l>ecome a Ik 
toirent. He n»^vertheless crossed it on the 1 
an ox, and brought home the whole herd in i 
As a reward for his courage, his master presented! 
him with four of the sheep he had saved. Ho soldi 
their wool in order to buy better clothing for him-j 
self, and after wanis dis|K}sed of the sheep, so 
he might obtain money wherewith to travel 
Bristol and *^seek his fortune," Afnud of being] 
pi*e»sed for a soldier if found in Bristiil out of plac*%| 
as it was then the time of the Duke of MarUx>rough'a| 
wai-s, he retpiested his master to reeommeiid 
as an apprentico to a relative, who was one 
the pailners of tbe Bu]>tist Mill^ The boy 
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fly sent into the bi'aas-works, iintil he 
^otild proems employtnent. As he was looking on 
ttt the Dutch workmen trying to cast iron, which 
thej did at the suggestion of Abraham Darby, he said 
that he ^Hhouglit he saw how they missed it," He 
Ijeg^ed to be allowed to try, and he and Abraham 
Darby remainetl alone in the workshop the same 
night for the purpose. Befoi-e moniing they had 
an iron pot. The boy Thomas entei'et.i iiito an 
agreement to serve Abraham Darby, iind keep tlie 
secret He wiis enticed by the toiler of double wages 
to leave hia master j but he continued nobly faithful, 
Atxd afterwanlg showed hit* tidolity to hia master's 
widow and childi-en in then* evil davti. From 1700 
t« 1828, the family of Tliomas were coiilidential 
and much-valued agents to the descendants of 
Abraham Darby. For more than one hundred 
years after tlie night in which Thomas and his 
master made their successful exj.>eriment of pro- 
dtidng an iron casting in a mould of fine sand, 
with its two wootlen frames and it8 ak-holes, the 
same process wjus practised ami kejyt secret at 
Ooalbrookdale, with plugged key-holes and barred 



rby's partners were so clLssatisfied with the 
apenjBes he was incmTing in his exi)ei"iments, that 
the J came to the conclusion that he ** had lost Ms 
judgment, and was squandering their money/' It 
ended in his taking a lease of the furnace at Coal- 
brookdale, and he and his faithful servant, John 
TbomiLa, went there in 170U. He died after a sue- 
ccjgfu l conduct of the new huMiness, the increasing 
Tftlue of which may be judged from his having sold 
ODe ahare of ^,jth of the works for £330 in 1715, 
which was bought back in 17*J8 for CltlSO, His 
widow and chihlren were defraudt^tl after his death 
by a broth er-indaw, and befriended by John Thomas, 
Abraham Darby left a son of the same name, who 
was born in 1711, and took charge of the works 
ia 17S0. It wjia slioitJy after this i>eriod that the 
expenmenta i^ferre<l to in our last paj>er were made, 
when Darby fell asleep on the top of the furnace, 
alter six days and nights of watchful lalxiur, autl 
when he discovered the use of coke as a substitute 
lor chorooaL 

There can hardly be any apology needed for giving 
this story at so great a lenrrth, as it is perhaps the 
most romantic in its own way in the whole histoiy 
of the iron trade. 

We have already occupied ho much of this paper, 
that there is little space left for a tlescription of the 
method of pro^Uicing iron ea.sting>4, which are as 
ious ajs the infinite variety of the purposes to 




which they ai^e applied, and so we shaU merely intro- 
duce the subject in a general way, and leave much 
of it over for a more detailed description. The 
molten iron that comes from a blast furnace is **ca«t" 
into pigs ; and in many cases there ai*e large shefls, 
called casting-houses, ei'ected in the fi'ont of the fur- 
nace to protect the workmen fitim the weather, though 
these are very commonly dispense*! with altogether. 
The floor of the castingdiouse, or the open space in 
front of the fui-mu^e, is laid with a deep bed of i-ough 
sand, which Is mked and levelled l>efoi'e each **cast,*' 
and then impi-essed with a **pattem" or "print" of 
the "pig," iis sho^Ti in the wotxi-cut (p. 113). There 
i* a gentle alojie that allows the molten metal to run 
along the channels, wliich ate arranged so that it 
can be turned fiiist into those farthest fixjm the 
furnace by means of an iron spade. The long 
channel at the side communicates dii*eetly with tlie 
tapping-hole of the furnace from which the met4\l 
issues, and by plugging up the enti*ance to the 
tninsverse channels or ** sows " that ai'e nearest 
the funiace, and then removing the obstruction 
as each set of '* pigs " is filled, all the moulds are 
completely flushed with molten ii*on to the level 
of the sand lietl, whei-e it is allowed to cool After 
the iron has become haiflenetl, the ** pigs " are 
"broken" off at their junction with the **fiow,** 
and are ready for tlie market, the lower part Ijearing 
the impress of the laaud and qualit>', which had 
lr>een stamped in the sand by the *' print.*' In 
drawing oft' the melted iron from an ordinary cupola 
furnace, much the same sort of plug is used as in 
a blast furnace — viz.» a lump of clay, mixed with 
coal-dust, which is put ujKjn the end of a rod with 
a flattened point, and thrust into the taj)[)iiig4iole, 
when the flow^ of metal requires to In? stoj^pih In 
I'emoviug the plug, which soon l>ecomes hardened 
by the action of the intense heat, a i*oil with a 
sharp pobit is hammered against it, readil}^ bi-eaking 
it in pieces, and allowing the metal to escajw as 
hefoi'e. The ladles used for conveying the molten 
metal from one pait of the foundry to another 
are of various sizes, according to the quantity re- 
quircd. When small castings ai'e being maile, 
these ladles ai-e no larger tlian can l>e conveniently 
carried by two men, one of w-hom luis the charge of 
dii*ecting the metal into the mould, and the other 
carries up and stet^die^s tlie unforked end of the bar, 
into the middle of which the Wile or jKjt is inserted, 
as sho^Ti in the wood-cut on the next page. In 
order to protect tlie **hidle," which is generally 
made of cast iiH>n, (rt?m the heat of its molten 
contents, it is covered inside with a byer of 
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Hand aod clay, which is phiatered on the surface 
to a thickness of about an inch, and then slowly 
drieti in a stove, which is an invariable ad- 



Ladls roR buxUm Castoim. 



junct of a foundry, and of which there will he occa- 
aionto speak again. When large castings are required 
to be made, the size of all the ap[jliiiiioes for con- 
veying the metal from the ftirnace must be increased 



proportionately ; and it often happens that, where the 
capacity of a furnace in insufficient t-o supply all thts 
iron at one discharge, a hidle containing fifteen 
twenty tons of melted iron is first filled and cot 
over with a hiyer of »iind, ajid kept waiting unt 
more iix)n Laa been melted and reatly, along witl 
the ladle-contents, to be f>oured into the mould 
Among the multifarious opeaiitiona of tlie 
trade, there ia none that is more beautiful than 1 
production of a large casting ; and, as the prooess ' 
is csarried on in every foundiy in the kingdon 
it would be quite worth tlie while of our reade 
to witness it for themselvea. 



COTTON,— III. 

THE SPlNyiNG-JEKNT — ARKWRIGHT's WATER SPIKNIKG-FRAME — TROUBLES OF AX INTEXTOR. 
BV DaVHJ BHZ¥3i£H, AVTMOR OF ** TttJE lNI>rSTEJE8 Ot ScOTLAM>," 



IN the year 1764, juat when Lewis Paul's spin- 
ning machine was being finally put aside, Jainea 
Hargreaves, a Blackburn weaver, hit upon a plan 
whereby a number of rovinga might be simul- 
taneoualy and expeditiously converted into yarn. 
While seated in his house one day, a spinning- 
wheel in operation waa accidentally overturned, 
and obser\'ing that the momentum of the wheel 
oaused it still to revolve, he seized the roring and 

I fed it on to the spindle, which was now in a per- 
pendiculai* position. As he did so, it occurred to 
him that if a number of wheels were placetl in tlie 
same position, and some means de%i6ed for holding 
the ro\Tng8 of all, and drawing them out simul- 
taneously, a saving of labour would be effected. 
He applied himself to giving praetical shape to bia 
idea, working in strict privacy, because he knew 
Unit any pej^on who might propose to provide a 

'mechanical substitute for hand labour woidd cer- 
t^iinly be looked upon as an enemy of the working 
cloBs. He waa heavily handicap|)ed in the task he 
ii]ldert<K>k, for he had a wife and seTen children 
depending on his efforts with his loom, so that 
only spore hours could be devoted to the const nic- 
tion of his Bjiinning machine. In the course of two 
or three years the macliine was completetl, and, for 
some time before its existence became known to the 
outaide world, was employe<l in j>roducing weft for 
Hargreaves' own loom. Such was the origin of 
the qiinniDg-jenny, the pioneer of one of the finest 
tyitems of machinery ever devised by human 
ingenuity. 



Like most of his class, Hargi^eavea waa a 
man, and the outlay he had incurred in c^ 
with the production of his machine pinch* - 
Buch an extent that, in order to obtain relief^ 
motmted and sold several sets of the apparatu 
before he bad secured a jiatent This, as we ahafl 
see, proved disasti-ous to him. But prior to ih 
misfortune which oveitook him on this account, '. 
had to encounter anotlier. A member of hij 
family boasted to some of the neigh Ixjun* as to l 
possession of nieana whei'eby yarn might \pe pr 
duced at a mte far exceeding the capacity of tli 
ordiimry spinning- wheel This excitetl both curioeit^ 
and indignation, jui*1 the Rjiinstei's of the neighbour^ ' 
hood besieged and foi'eibly eutei-ed Hargnsaveii* 
hou.^e, and without waiting to examine the machine 
which they found there, smashe<l it to piieoes. In 
addition to this, the ]>oor inventors life was 
threatenetl if be dared attempt to constjuict another 
machine. Having faith in the capabilities of the 
spinning-jenny, he sought a fi-^sh field for turning 
it to account. Accordingly, in 1768, he wmoved 
to Nottingham, and. in conjunction 'W'ith a joiner 
named Thomiis James, eivcted a small spinnings 
mill, in which he demonstmted the complete prso- 
tictd>ility of his invention. He obtained a patent 
in 1770 for hin machine, which he thus deisqribed to 
the specification : — **A metho«l of making a wheel 
or engine of an entire new construction, and neva 
before made use of, in oixlpr for spinning, drawing, 
and t wistinj^ of cotton, and t-o Ije masiaged hf one 
person only^ and that the wlu>ol or engine wi 




COTTON— HARGREAYES' SPINNING-JENNY. 



draw, and twist sixteen or more threads at one 
time, by a tnm or motion of one hand and a draw 
of the other." 

The jenny conaiated of an oblong frame, seven or 
eight feet in length, across one end of which a seriea 
of spindles — eight in number in the original machine, 
but afterwards increased to eighty — were aiTanged 
perpendictilarly, so as to he driven at a high speed, 
by cords passed round them ivom a rotating cylinder. 



the carnage and thus caused the desired elongation 
of the rovings. The carriage was then returned, 
and as it moved forward the length of yai-n spun 
was wound on the Bpindle, A fresh piece of each 
roving was then let out, the di'awing and twisting 
operation repeated, and so oil The equal aiTange- 
ment of the yam on the spindles was secured by 
means of a wii*e, which the spinner moved with his 
foot The machine, it will be seen, was of the 
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In firont of these spindles was a frame containing 
a corresponding number of bobbins, filled with 
roving pnxluced on the hand wheel. It mugt 
be remembered that the jenny did not make the 
yam direct from the carding, but that it only 
performed the second and more important operation 
of hand spinning. Hosting on the upper longitu- 
dinal beams of the feame, and extending from one 
to the other, was a carriage of light construction. 
The workman began operations by passing the ends 
of the rovings through a series of apertures in the 
carriage, and attaching them to the spindles. By 
taming a wheel, the spindles were set in motion, 
and simultaneously the operative drew backward 



simplest possible character, and its construction 
quite within the capacity of makers of the oixlinary 
spinning-wheels. When its merits came to be 
appreciated, the spinning-jenny was made in con- 
siderable numbens for the manufactui'ei*a of Limca- 
shire, without the inventor being consulted on the 
matter, and as he had difi|»osed of eome of the 
machines before obtaining a patent, he could get no 
redress in the law-coiuts* Ultimately, the manu- 
facturers, feeling that an injustice was being done to 
a man who deserved well of them, raised a fund of 
£3,000, and offered it to Hargreaves as a reeom* 
pense for the invention. He demanded a lai^r 
sum, but his demand was not complied with, and 
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in tbe end he got nothiug. It was a grievons 
ilis*aiipomtment for Hargii?aves to see people all 
through the miinufnctiinng districta ennching 
themselves by mean^ of hb mveation, while he 
was left in comparative poverty to atniggle on 
with the smiiil factoi-y in Nottingham, which a 
want of capital preventeti him from extending. He 
died ill 1778, 

A great impetus was given to the cotton manu* 
factiii'O by the introduction of the spinning-jenny. 
Every weaver who could aifbvd it bought one* 
and thus put an end to his troubles in procuring a 
coiistant supply of ynrn. Impixjveiaents Imd 
been mmle in the apparatus for carding the wool, 
and the dy-shuttle» which w&jn invented by John 
Kay, in 17 38, but rejected as **a dangerous 
innovation for saving labour," was brought into 
ojieration ; and altogetlier matters were Ln trim for 
the advent of the *(reat meclmnician the story of 
whose life and services we shall now relate. 

Richard Aj-kwright was bom at Preston, in the 
year 1732. His [larents were in a humble position 
of life, and, like mauy persons so situated, were the 
jtrogenitorsof a verynumerovis family » Richard Ijeing 
the youngest of thii'teen children. The educatioiml 
advantages now eDJoye<l liy the jXH>ref4t children 
in the land were unknown in those days ; and» 
Bfl a consequence, the future Iwnefactor of man kind, 
togotlier with his brothei-s and sbters, received but 
a veiy scanty amount of instruction* His childhood 
pjissed in circumstances motst disadvantageous to 
the development of any latent genius with which 
he might luive lH»eu endowed ; nor was thei'e much 
pficope for its manifestation in the trade that he wajs 
to learn. On amving at an age suitable for 
entering on a tenn of ap}>renticeshii), he was in- 
dentured to a local barl>er, to aocpiu'e the art and 
mystery of haii* dressing and wig making. He 
pi"ov©d himself an expei-t workman, and in cours<? 
of time developed a fondness for mechanics. At 
the age of twenty-tnght, he had by his thrift nccu- 
midated enough money to wainant his embarking 
in business on his own account. He h*ul ac^^uired 
Jiigh skill in the ait of dyeuig hail* — an important 
de|i«irtment of the Iwirber's occujmtion in those days ; 
and to tliat he devoted himself, as well as to the 
business of a hair merchant The latter branch 
made it necessaiy for him to travel about a gi'eat 
deal, and during his jiei-egrinations he gratified his 
taste for mechiinies by inajjecting whatever machines 
were accessible to him. At the same time, he be- 
cama iu3fpminte<l with the requirements of the cotton 
manulkcturer^ and the attempts that had been nuule 



to meet them. Like many young men of similar 
tastes, he devoted some of his time to attempting 
to discover ** peri»etuMl motion," being stimulated 
thereto by the prevailing belief that the discoverer 
would receive a i*eward of £10,000 from the Govern 
ment. In course of time, the question of the ji 
sibility of devising a machine that would conv 
cot ton- wool into yarn without the intervention 
human lingers took |x>3session of his mind. Having 
matured his plans, he took into his confidence an 
ingenious clock-maker, named Kay, who made for 
him a model roller spiiming machine embodyinj 
Ins ideas on the subject From this model a falU; 
sized machine was subsequently constructed, and] 
worked BO satisfiictorily that Arkwright resolved at 
once to take steps for turning his invention Xa 
account. Fix)ceeding to Preston, his native place, 
he i-evealed his phtn« to Hn John Smalley, 
publican, who ivaclily consentod to assist him 
the matter, ami began by securing a room attachedi 
to the Fi*ee Gmmmar School, as a place in wliich 
to experiment with and fjerfect the machine* So 
convinced was Mr. Smalley of the practicability of 
the invention, that he ultimately entered into part- 
nei-ship with Arkwright, But Lancashire w*as n^ 
at that time a favoumble field for the exhibition 
machines designed to supei*sf>de hand lal>our; and 
fearing that tliey might excite the violence of the 
hail 1 1 sjjinners, Jis Hargreaves had done by the pn>* 
duotiou of the spinning-jenny, the invientor and 
fiiend followe<l Hiirgi'eaves* example, and removed 
to Nottingham, whei*e they expected to find a ready 
and safe market among the stocking manufacturer 
for such yams aa they luid proved the new spinning 
maehine could produce. With the aid of a local 
banking fii'ui, they established a factory on a sDiall 
scale, and applied themselves to the sfiinning of 
hosiery yams. In July, 1769, Arkwright obtained 
a [witent for his spiiming-frame. His s|iecificatiOR 
stati^il that he had, ** by gi-e^it study and long ap- 
plication, invented a new piooe of machinery, nerer 
before found out, pmctised, or used, for the tnakini; 
of weft or yam from cotton, flax, and wool ; which 
would l^»e of great utility to a great many mitntiflFH^ 
turers, as weil as to his ^lajesty's subjects in gomnlt 
by employing a great number of poor people la 
working the said nmchinery, and liy maldxig ttm 
said weft or yarn much superior in qtmlity to «Dy 
heretofore manufactured or madei** At that tiini»» 
Messra. Need and Stmtt wet*e among the laidi]^ 
hosieiy manufiicturei*s in NottinghaQi, Mid tbey 
from the fii'st took considerable interest tn Ailc- 
Wright's inveutioiL Mr. Strutt was an 
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mechanician, and was tliiis capable of fomdng a 
sound opinion upon the prospects of macliine spin- 
ning* In the year 1770, Ai^kvMight and liis partner 
were joined by Messrs. Need and Strutt, and plans 
were prepared for the erection of a spinning factory 
at Cromford, in Derbyshire, where the waters of the 
I>erweint were available for driving the mi^chinery. 
This was the first water spinjiing-inill ever erected, 
and the parent of that great factoiy system which 
has contribute so ranch to the fame of England in 
the arts of peace. The fact that the miichines wei^ 
moved by water power led to their being called 
water fiTime-sijinning machines, and the yarn pro- 
duced was knoTVTi hh water twii^t. The drawing of 
the first machine made, which is attached to Ark- 
wright*8 specification, showa how cai'eftiily all the 
rec^nirenients had been thought out. Subse<[uently, 
modifications were ma<le in the adjustment of the 
details of the niecliani.sm, but the general piinciple 
of it is i^tained to this day in the best throstle 
spinning machines. As yet» the hand wheel was 
the only means that existed for t\^4 sting the soft 
lings into rovings j both Hargreaves' and Ark- 
ght'a machines being ada[)ted only to drawing 
tbe roving out to the desired degj-ee of fineness, 
and twisting it into yarn. The great difference 
between the jenny and the water frame was that 
the former was a hand machine working inter- 
mittently, and |irod«cing a soft yarn atiitable only 
for weft, while the latter was driven hy water, 
and produee<i, at a continuous and greatly increased 
nkte, tt fine hard yai*n, suitable for waq> or hosiery 
ptirpo8e& 

Arkwnght's original water frame was constructed 
to deal with only four thi-eads at a time. It con- 
sisted of an upright framing of woo<l, in the upj.>er 
rear part of which the bobbins of roving were 
placed, and led thence to the drawing rollers, which 
l,4)e6iipied the front. The rollers, which constituted 
Ifco chief feature of the machine, were about an 
inch in diameter, and were arranged in paii-s one 
above the other, presenting an end view like tJiis 
|-|-|— |. When the machine was set in motion 
these rollers revolved, and drew the roving from 
the bobbins. In passing through the rollei*s the 
nivlng was attenuated to the required degree by a 
very ingenious aiTangement. The first pair of 
rollers merely acted the paH of feeders ; but the 
second, having a quicker motion, elongated the 
roving to a proportionate extent ; the thiid pair, 
moving faster than the secomU continued the opera- 
tion ; and the fourth pair con^pleted it, The action 
Lof the rollers on the roving was piveisely similar ia 




efiect to that of tJie fingers of the hand spinner, and 
to the drawing to which the mving was subjected 
in the epioning-jenny. In order that the i*ollei^ 
should grip the roving with sulEcient firmness, the 
upper ones were covei-ed with leather, while the 
lower were fluted, and the np|>er one of each pair 
was pressed against the lower by adjustable weights. 
On emerging from the roLlei's, the threads were led 
on to a series of lx)bbins furnished witli flyers, 
similai* to those of the hand spinning- wheel. The 
spindles on which the bobbins were placed were 
diiven at a high speed by a belt, and by a simul- 
taneoiLS operation imparted the necessaiy twist to 
the yam and wound it on the bobbins. Encouniged 
by the success of his spinning-fmrne, Arkwright 
applied himself to devising machines for performing 
the other operations necessary in the pix«duction of 
yani ; and worked so rapitlly tliat by the year 
1775 he took out a patent for a complet^a system 
of pi^eparing and spinning machines, Instead of 
being I'egarded as a benefactor of his countiy, how- 
ever, Ai*k Wright found himself at this time, and 
for years afterwai-ds, an object of enmity to both 
manufacturei'S and oiieratives, ^Ir. Baines, in his 
** History of the Cotton Hanufactui*e/' thus de- 
scribes tlie feeling that prevailed : "This period of 
high intellectual excitement and successfxd effort 
woidd have been contemjjlated with more pletisure 
if there had not at the same time been displayed 
the workings of an insatiable cupidity and soixlid 
jealousy, which remorselessly snat^ilicd from genius 
the fruit of its cre^itions, am! even iiroscriknl the 
men to whom the manufacturer was most deeply 
indebtetb Ignorance on the one hand, and cui>idity 
on the other, combined to rob invent<:n^ of their 
Inward. Arkwright, though the most successful 
of hia class, had to encounter the animosity of his 
fellow-maniifacturers in various forms. Those in 
Lancashii^ refused to Imy his mrns, though supe- 
rior to all others, and actually combineil to dis- 
countenance a new branch of their own manu* 
facture because he waa the first to introduce it."^ 
So strong was this opiKJsition, that it wa>j not till 
Q.Ye years after he had obtained his tii-st patent, and 
over £12,000 had been exfiended in buildings and 
machinery, that any profit accrued to himself and 
his partners. It appears that the Lancashire manu- 
facturei^ Inul got the notion that Arkwright waa 
not the anthor of the machines which he had 
patented ; that he had stolen the inventions of 
othei's, and after slight modifications claimed them 
as hia own^ and by his patent pruhibited others 
from using them without making teiins with him. 
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BTsry means were taken to thwart his enterprue. 
His best servants were bril^ed away and encou- 
raged to di\iilg^ the piinciples of his machines ', 
luiil in various places pirated copies of his mechanism 
were set up and worked in secret. At thk time of 
day it is difficult to understand the intense feeling 
of opposition that prevailed against one of the chief 



and this branch of business turned out a suooea&J 
As already mentioned^ the so-called cotton clothi 
made in England up tOl this time confiisted oc 
linen warp and cotton woof. It occurred to Ark- 
wright that the strong yara made by his machinea 
might be used as warp, and experiment demon- 
strated that this was so. Accordingly, the £na 
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founders of our great cotton industij. It was only 
natural that Arkwright should seek to secure the 
fruita of years of anxrous thought and labour ; and 
he repeatedly Bought the protection of the law for 
his jmtent rights* Tlie Lancashire sptnnera formed 
an ass^x-mtion to defend all those against whom 
Arkwright might proceed for the recovery of 
danuMpes for infringement of his ]Mitents^ and 
Miv«ml keen legal contests took ];ilace. Finding 
that they could not diapo«»e of their yams to the 
»r ^ iirers of cloth, Arkwright and his partners 
ri< : • I themselves to converting it into stockingSi 
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applied themnelves to the manufacture of 
calicoes, for which they fft once obtained a readj 
demand. Fortune now seemed to smile ujxm tilt 
enterprising inventor ; but suddenly a new oballdt 
was placed in his path. The Exciae officeri hid 
stepped in and demanded, in addition to the ttsoai 
duty of threepence per yard, a like sum om the gnxitti 
that the cloth, though manufactured in 
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Uy Indian calico ! The Commissioners of 
'Ezwe were appealed to in vain; and it actually 
became necessary for Arkwi^igbt and bis partners 
to go to Parliament and ask I'elief in the form of a 
epecial enactment freeing home-made calicoes &om 
the prohibitive tax, and also to obtain permission 
to print the home-made cloth. The Lancashire 
maimfactui-ei'S offered sti-on;^ opposition to the 
paasmg of the Bill, and theii' conduct is thus com- 
mented upon by Mn Baines : ** The prohibition of 
KKncrlifth-made calicoes was so utterly ^vithout an 
that its being prayed for by the cotton 
ctnrera of this country is one of the most 



commercial jealousy.*' In the year 1774 the relief 
a^keil for was granted by an Act of Parlijinient, 
which sanctioned the new manufacture, and decUu'ed 
that the use and weai* of printed, ikc, stuffs, wholly 
made of cotton and manufactured in Gi^at Biitain, 
ought to be allowed, *' under proper regulations ;" 
that the duty on odieoes made in Great Britain 
shoxdd not exceed thi'eepence per jixnl squaix\ and 
that every piece of cloth should be stamped at each 
end by an Excise otfieer with the woitls " Britiah 
Manufactory." Persons who sold the cloth without 
being stamped were made liable to a fine of £50 for 
each piece, besides forfeiture ; and the countei*f cit- 
ing of the stamp was made a capit^d offence. 



MODEL ESTABLISHMENTS.— n. 

THE ROYAL ARMY CLOTHING DEPOT, PIMLICO. 
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AN idea exists more or less extensively in some 
minds that national establishments are charac- 
terbed by jobbery, peculation, dawdling, red tape, 
waste, and circumlocution. The idea may be correct 
as applied to some ]>ublic dejiaitments, but not as 
referring to such Government manufacturing con* 
oerns an the Small Arms Factory at En£eld, or the 
Ordnance and Amnnmition Manufactories in Wool- 
wich Arsenal ; and it certainly does not attach to 
the Military Clothing Factory, PimJico— the lai^gest 
establishment of its kind, probably, in the world, 
In this great concern the checks u]jon jobbery, 
peculation^ and dawdling are perfect ; there is no 
circumlocution, and only so much of routine as 
is absolutely necessary to secure efficiency and 
economy. In construction aud arrangement of 
buildings, sanitary, engineering, and mechanical 
expedients and appliances, and in administration 
throughout^ this gi^eat factory is entitled to take 
front rank aa a "model establishment." 

Tlie origin of tlie Pimlico Anny Clothing Dejiiit 
dates from 1855, the period of the Crimean war. 
Prior to that time, army clothing was provided for 
the non-commissioned oJ!icei-s and men of their 
liigillients by the colonels commanding, out of the 
pfoeeeds of parliamentary votes, that were appor- 
tioned pro raUi by the Secretary for War among 
the commanding officei's. The clothing was ob> 
Udned from contractors, and the system was 
eminently unsatisfactory in many respects. Funcfi 
■ gftTe jK>inted expression to this state of affairs in 
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his caitoon representing two ragged soldiei*s in the 
trenches, between whom the remarks we Ji3 exchanged 
— ** Bill (loquitur) : Jack, they'i'e goin' to give us 
a medaL" — ** Humph I " replies Jack, *' I*d rather see 
first a coat to hang it om" The wivtched condition 
of our men at the siege of Sebastopo! led to inquiry 
into the state of the Army Clothing Departmentb 
The soldier's coat of that time was little l>etter than 
that of earlier days; instead of V*rigiit scarlet it 
was a brick-dust colour, and in texture was of 
yam, ** three threads to the ix>und, and eveiy jxjund 
an armful." Tlie clothes intended to luft^t for twelve 
months were, on foreign service, reduced to tatters 
in a few weeks. No stores existed from which to 
replace the rags, and reclothe our iiakefl soldiers. 
Months elapsetl before fresh supplies could l»e sent 
out Complaints were numer-ous, need w*uj urgent, 
and the Secretary for Wai* resolved to pui*chase good 
cloth direct from the manufacturers, and employ 
the widows and orphans of the soldici*H who had 
fallen, to make it up into stout ami durable gar- 
ments. To insure economy in tlie i>roi>ose<l factory, 
it was arranged that a jiart of the clothing should 
continue to be made by conti^actors, for j>eriodical 
comparison between the two systems of supjily, as 
touching price* qutdity, mateiial, workmanship, and 
dm"ability. The advice of large wholeside manufac- 
turers wixa taken, as to amingeraents and working, 
form of accounts to be kept, and other jiarticuhnu 
The undertaking had thus the advantage of the 
assistance, and in jmrt the guidance, of pi*actical 
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men of lai'ge experience. The important duty of 
eonclucting this extensive and entirely novel maiiu- 
frtcturing establishnjent has eince its formation 
devolved u]^>6n Mr. Ramsay, the Director of 
Clothing, assisted by Mr. Morshead, the Assistant- 
Director. Colonel Hudson superintends the 
factory t and Mr. Qninlau is the store-keeper. 

Tlie Army Clothing Deprjt forms a branch of the 
department of the Surveyor-Genei-alof the Oixlnance. 
I'p to the year 187Q, the duties connected with the 
clothing of the army wei-e performed by various 
bmnches of the Wai- OfficCj in Pfdl Mtdl, while the 
pui*ely executive work waa done at the Army Cloth- 
ing rH?[>ut These duties are now concentrates! at 
the Army Clothing Depot, under the Director of 
Clothing, who, by tlie Seci-etaiy of State's instinic- 
tions, is the responsible officer on all matters I'elating 
to clothing, whether administi-ative or executive. 
The interests of the soldier are carefully protected^ 
as the following arrangements, adopted for that ^'ery 
purpose, will show: — (1) The Comnutnder-iivChief, 
hubjpct to the approval of the Secretary of State, 
selects the standard pattera of every article. 
(2) Whenever supplies are sent to a I'egiment, a 
sample h sealed by the Adjutant-General; and ujK)n 
receipt of the clothing at the regiment, a board 
of orticei's examine the articles to see that they 
con*espond with the sealed samt»le, and any com- 
plaints are immediately re]>oited to the Adjutant- 
Genei^. (3) Annual reports from every regiment 
are made to the Adjutant-General, showing how 
the clothiug has worn duiing the jmst year, and 
]»otnting out any defects in quality or make. 

The Dejjot is a homogeneous establishment, in 
four distinct deimrtments : — {1} The Centi-al, in 
winch all ai'i-angemeuts for clotlm:ig the anny are 
citrried out ; (2) Insjiection, in wliich all materials 
are examined, and mannfactnred articles com- 
fian*d with approved samples find standard \mt- 
U'vus : (3) the Storekeepers I>«-'partment, where 
all supplies ai^ received, and kept till required for 
i*flue ; and (i) tlie Factory, where head-di^ssea and 
clothing of various tlescnptions a?-e manufactured ; 
the whole being under the perHOiial au[»er\ision 
of thf Director. Excltisive of outlying building.^. 
thf Military Clothing Def>At consists of two ranges 
of tln-ee floors, each 600 feet long, that i^aeh from 
Oro«venor Roa<b on the Tliames Embankment, 
northwiunis to Cliichester StiTet. Each range has 
in the centi^ an entrance |»orticOt and is flanked 
by gAU^ and poi-ters' lodgen, with constables 
and liniekerjiei's on duty. One set of gates is for 
the Stoi*ekec'[>ers Department; the other for the 
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Inspection and Factoiy Departments. The front 
portions of the two ranges of buildings referred taJ 
are occupied as the Officei-s' Rooms and Clerks'l 
Othces. The buildings are connected by a covered J 
bridge over the inmdway. 

The magnitude of the buainesa neceadtates 
excellent methods to secui-e honesty and efficiency. 
The oi*dei"s received at the factory ai'e sometimes 
large and la-gent. As an example of the work that 
c^n W done by this establishment in moments of 
emergeiiey we may instance the case of the Ashtiutee 
war. That expedition was very quickly deter 
mined on, and the et[uipment of the troops to fight 
in an African climate was different altogetlier Iron 
that used in onliiiary campaigns. The intei] 
heat and moisture of the West African coast 
quired a dress that w^as light and tiearable on th^ 
march, and at the same time sutHciently waroil 
during the damp and foggy nights to protect thoJ 
men fi-om the chill which is the sure forerunner « 
fever. A head-th*es8 had to lie invented wl 
should pmtect the wearer from sunstroke, and 
the Sitme time be an light as cork. The Elclj 
tweed, a light, tough^ elastic material, was sele 
by Sir Gamet Wolseley for the clothing, and 
cork helmet was appi^oved for the hea<l-dress, Th« 
su[)p]y for the entire force was made in a few day 
ami the ex[>edition was sent ofl' in an ei|uipmetiil 
which was admitted, on the terminatiou of the war, 
to have been admirably adapted for the purpoee. 
Under the old system of putting out tendeiib for 
clothing, iind going through the red-taj)e process of 
supjdvj the war would have been at mi end licfor 
the tirst garment reached the tixjojis. In a genenJ'^ 
way* the quantity of clothing to be made during the 
coixi'se of the yeai" hanng been determined^ ft divi* 
eion is made into weekly portions, with a view ta| 
the equable employment of the work-people, so 1 
there may not be slackness at one time and a sparld 
at another. The jXirioil at which each ij4su*> of^ 
clothiug ha.s to l>e tinished and sent ofl'. whether to 
Hong Kong, the ^lauritius, Cai>e of Good Hope, 
Halifax, or Bemuida, has to be arranged, as wril 
as the time for delivery to regiments on homa. 
sen ice. Tlie Rtoi-ekeejier, requiiing. say 5,(»(HM 
ttmlcs, of given measui^ments, sends a rbqni8ttio& j 
to the factory. The foreman cutter enters oti tlia ' 
back of the pajwr the qiuintity of cloth raqitiiid. 
Tlie dcMumeiit is i^etimied^ to reapjitHir with ♦V 
materials, which are checked off by the receiritkg ^^ 
clerk. The date, number, and all pailictilani^ am ^m 
then posted in the foi-eman ctitter*8 reconl, m 
which is shown the hour at which the toaUsml 
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is reiceived, the time at which it is cut, the examiner 
to whom it is sent down, and the date on which 
the order is finished and handed over to the store- 
keeper for despiitch. From this record a few 
aeconds suflce to show the state of progress of 
aoj order, and a few minutes to ascei*tain in whose 
hands any particular garment is at the moment, 
and when the last garment of the order will be 
completed. The books ai-e so ajTonged as to trace 
everything that comes into the building from one 
person to another, through each stage of its laanvK 
faeture, and to anive at the person i^spon^ible for 
it In the event of anytlxing being lost, the hist 
perBon who signed for its receipt has to make it 
good* The checks throughout are perfect. 

The gi*and feature of the cstabEshmejit is the 
great work room, 2(jO feet long by 40 feet wide, 
and 70 feet in height, of which we give an en- 
graving. The insi^ection department occupies an 
extension of this block of buildings to the north. 
This room is in a quatlrangle, with a roof double 
glazed to prevent diip to the interior. Although 
the roof has a straight sweep on each side, it ap- 
pe^irs to be semicirculai^ in form, from the elegant 
iron principals upon which it is supiK>rted; 
these, in tm-n, rest upon graceful iron columns, 
rising from the groimd floor* On each side of this 
qujub'angle are three floors providing six work 
rooms, each 260 feet long by 2a feet wide, and 
16 feet high. The two upfier ilooi-s have whidows 
to the interior ; tlie first floor hsA galleries running 
along each side of the central space, and wide gal- 
leries are carried on the level of lioth floors across 
each end. Fi-om either of these the coup ffi*// Ls 
remarkaldy striking. Tlie single ground floor of 
the quadrangle is fumiiihed with fifty-eight tables, 
that have jtassagea down the centre, and at eajch end. 
Nine seamstresses are employed at each of these 
tables, including one machinist; the eight other work- 
women ** baste" and sew by hand. The machinist 
is a rather important person, upon whom the other 
workers are, to a certtiin extent, dej>endent, and a 
part of the order and discipline of the estab- 
lishment — which, by the way, seem to be perfect — 
i«, that the machinists sliould wear scai'let jackets, 
unlees they ai'e in mourning, when they are granted 
a dispensation. The scarlet jackets of the machinists, 
tlie scarlet garments in progreas, and the parti- 
coloured di-eases of the workers, with the hum and 
whir of activity, combine to make the scene one of 
the most picturesque and interesting character. 
From a standpoint upon one of the cross gallenea 
are also had of the extensive work rooms on 



each side. The noble, light, and spacious work 
hall is admirably ventilated by louvres under the 
eaves of the roof, Two of the adjoining ranges 
are sewing rooms, in which the same kind of work 
is being canied on as in the great hall below* 
Three of the other side rooms are for cutting out, 
and another is a viewer's or examiner's giving-out 
i-oom. There are 188 sewing miichines, adapted 
for heavy tailoring work, employed in the build- 
ing. Theee are worked by steam power, which 
greatly abates tlie stmin upon the worker. All 
materials for aimy clothing and equipment, in- 
cluding boots, siiddles, spurs, <fec, pass through the 
DepSt, whei'e they are tested by sealed patterns. 
The piincipal articles of clothing produced at 
Pimlico, bewildering in their vanety, include 
tunics, trousers, and great coats, for Horse and 
Foot Artilleiy, Royal Engineers, Foot Guards, 
Line Regiments, including Highlandei-s, Riilesy 
Zouaves of West India Regiments, Anuy Service 
and Hospital Coqis, Pensionei-s, Militia of all kinds, 
cfec. The vanetiea embrace clothing for tropical, as 
well as for home service. In every regiment the 
staff sergeants, sergeants, band, drummers, and 
privates, wear diflei-eot dres*»es. Notwith^tiijiding 
all this variety, when oixlers come to the fitcti.^ry 
for eleven or twelve thousand of these ganuents 
in a week, not a coat may be cut for any lunk 
in excess of the exact number re<]uired, and 
evezy garment must be of the exact measurement 
aske<l for. The materials used include scarlet, 
blue, and rifle-green cloth, and tartans, of 
various qualities ; of cloth, foiu* for tunics^ six for 
trousers, and two for great-coats, Lai-ge quan- 
tities of tweedy fiaimel, linings, sewings, buttons, 
badges, braid, leather, *fec., are also used. All 
these materials aiM? thomitghly tested and examined 
on I'eceipt in the inspection department by the 
standard pattern. The make of garments is 
about 11,000 per week; in some years a turn- 
out of over 600,000 has been reached. The 
cost of production of tunics ranges from 15s. for 
the tunic of a private in the line to £36 for the 
state coat of a Royal Trumi>eter. There are about 
200 cUflerent varieties of tunic. For the artillery 
there are thirty-eight sizes made, and for the line 
twenty sizes, the basis being height, and girths 
round the chest and waist Tlie princif>al non- 
commissioned officers have their ciotlies TOa4le to 
measure ; privates of all sizes are well fitte<l by the 
methoil adopted at Pimlico. Clothing for the 
cavalry is not put togetlier here, nor are the 
belted plaids in which the Highland re^ments 
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delight. The cavaby cor|Ds have their own 
tailur-s, who niiake the clothes of the regiment ; 
the HighUuiilers are fiistidioua as to the plait of 
the kilt, hit the^ regiments make up either the 
wliole or p\rt of these garments; but all cloth 
and t^irtiin mu&t he jiassed at the Depot before 
it can b*' isKuetl for use. Tartan '*ti*ews" of eight 
patterns ai'e made in the factory, a ti^oublesome 
duty, from the ** fash '* of making the stripes meet 
at the seam. In the Life Guards the commanding 
office i*^ liud the clothing of tlieir i-egiments. 

In making up clothing, cutting out is the fii*st 
process. The Su|>erintendeiit of the Pimlico factory, 
after cai^ful observntion, concluded that more might 
be got out of :i bale of cloth than had hitherto been 
done, anil he contrived, i^ith the hei[> of the master 
cutter, to reduce the quantity required for a tunic 
from 1 yard 12 inches to 1 yard 7| inches : thus 
getting eight tunics out of tlie cloth that had for- 
merly beeii reiptii'ed for seven, and still leii\4ng 
Buffieient margin for stout seams. In the miister 
cutter*s i-ooui these 44 inches of cloth ai'e carefully 
mapjK^l out with the paper {mtteiiis ; there ai-e 
15 pieces in every tunic, exclusive of linings, 
trimndiigs, Jtc. The marked length is laid 
upon the top of 29 thickneiisea of cloth of 
exactly the same length. The tibres make the 
layei-s adhere witliout any particular pressui'e, and 
the cutter attacks the pile with an encUess band- 
knife, on a frame attached to an ij*on table. The 
knile I'evolves upon two wheels, one above the 
other under the tiible, tln'ough which it passes by 
mm-ow slits. The operator moves the 30 plies of 
cloth to the knife, and takes off in succession 30 
of each of the pieces i*e<iuired for a tunic hx less 
time than it takes to deaciibe the process ; the 
curves and jkoint/i on the block of cloth being as 
clean and sharp a« they could have been if cut 
from a Bolid cheese. In another place ex|^rienced 
cut lei's \ise the ortlinaiy shears upon the garment45 
of the nieasiuieil men. The cuttings of all kinds, 
f»>w of them bigger than one's thumb-nail, mere 
shreds nnd patches, are sold for more than j£ 8,500 
per tinnum ; such is the magnitude of the business, 
LiiiingH, eanva«, and other utaterijds, are cut out 
In the same way, up to 60 thicknesses at once. 
In IX iTJom with sjKvially designed machinery the^ie 
bjiudkniven are gi*ound as they recjuii^e It; they are 
tdtm 8h(iii>eneil }*y the workman at intenals, while 
they are in motion, by a process tlnit makes the 
upark^v fly *' like chaff fi-om a threaMng-floor.'* 
Tljei-e are ien of these steara-tlriven cutting 
machbies in the factory ; each machine is attended 



by two men, a thiixl chalks the diagrams on 
cloth, and four others roll up the cut-out pieoos fo 
dibtribution under the direction of the foremcs 
viewers. 

The mechanical contrivances for pressing 
seams are very ingenious and effective. 
** goose," which is weighted, h heated by a 
jet, with a pii»e attached to cany off the hea^e 
ail*. It is susi>ended over the ii'oning-boarti 
ii*on Is a| (plied to the seam by the pressing of i 
ti'eadle, which raises the boaiil and also allows th 
iran to descend. The slung iron, working on mii 
versal joints, is easily moved l>y hand, and a presstic 
of about 200 lb. is thus obtained by the action 
the foot, with very slight exertion. The temp 
ture of the we 11- ventilated ironing galleries, 
which a large ntunber of women are employe*!, 
no higher than that of any other part of ih 
factory. 

Once upon a time the buttons on soldiers^ coats 
were of pewter, with fixed shanks that wet 
constantly bi*eaking off Every regiment had it 
own button and device, in the number of the 
ment. Thei^e were about 250 patterns of button J 
the dies got broken, and the system caused mud 
trouide, delay, and exi)en8e. All this has 
changed by getting the I'oyal arms adopted Bft| 
the line button, which is of braes, with a j^lidin 
shank. There are now only five patterns of buttou,! 
Regiments are, however, tenacious of their distiJ 
tive badges, worn on the collar, and theae, as weU^ 
as buttons, Birmingliam furnishes at a low price, i 
it can do muskets for the Caffres, or idols for 
Chinese. Regimental badges are very numeroufi 
and varied : roses, thistles, shamrocks, lions, tigera, 
boars, sphinxes, eastlea, ic. Tliese, and all othrrj 
settled standard patterns, in triplicate, are kept in [ 
the pattern room, in which are stororl more thaa 
10,000 vanetiejs of articles, including gla^eil h»ti 
for dockyard men and the Thames Polioe, clotlmig | 
for Post Office employes, and the police forces d ' 
London and Japan, for lunatics in military mx^ 
lums, as well as head-gear and coats from dram* 
mer boys in line i^egiments up to StAte Trumpe(i*n 
in the Life Guanls, No one may, on any pre* 
text, take the sealed standard [lattem out of th^ | 
i-oom ; the duplicate may l>e lent, with the npbM- 
CHtion, to an intending contractor ; the triplicate \$ 
used for testing the tinished goods. 

The Head-ilress Department is intere«ting. Hie 
cork hekiiet8 ai'e of 20 sizes, the diffcrenoe> bmnj; 
;J inch between each. Tliey are madtt on a cii*t* 
imn block. On this a layer of stout culico in 1 
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then coated vith melted caoutchouc ; a sheathing of 
cork ^th of an inch thick followa; again cement, and 
another layer of cork of the same thickness m the 
first. Upon the cork the cloth cover ia laid, ako 
with cement, and the helmet is ready, having been 
dried in a atove at inter\'al8, for the finisher, and 
then for the ventilating spike, the star and regi- 
mental number in front, the binding, chin-strap, <tc. 
In addition to the vaiieties of helmets for home 
service and in the tropica, there are 23 varieties 
of forage caps produced at the factory. 

Among other improvements in soltliers' clothing 
may be noticed the abolition of the unbending 
leather stock, rigid as sheet-iron. All that is left 
for it now is a tab of flexible enamelled leather, 3 
inches by 1|^ inch« that connects the collar in front. 
These tabs are punched out a dozen thicknesaes at 
a stroke of the machine. 

The management nndertake the duty of inspecting 
contract and other clothing for various public de> 
partments : such as Irish Constabulary, the Geneiid 
Post Office, the Meti-oijolitan Police, ^c, I noticed 
14 experts engaged in the inspection of boots for 
the police, made in prisons, and by oontractors ; 
500,000 yyam a year are thus inspected During 
the American war the '* rejections " were readily 
bought at good prices, by agents fi*om the United 
States. Under Lospection I also obsen^ed a quan- 
tity of excellent well-ma<ie police clothing fi-om 
Dartmoor, including, jierhaps, some work the 
*' Claimant ' may have executed. 

Reverting to the manufacturing department : 
there are II viewers who give out the work, 
su|jerintend its execution, and receive it on com- 
pletion ; each of these has 140 female workers untler 
his direction. About 200 women have work out, 
the total number of females employed being over 
1,700. About 300 men and bojrs are also em- 
ploye<l in the works. A numl>er of the men 
are noldiei-s, in training to become regimental 
tailors. Almost all the work is paid for by 
the piece, the prices Iteing calculated with such 
exactitude that the workers, who are supplied 
with tickets before pay-dayi know exactly what 
they ai-e Ito receive; and the weekly payment 
of alwut £1,500 is quickly distributed in what may 
Ije called a "march past." The ticket is presented 
with one hand, and the wages received with the 
othfT. About half an hour suffices to pay more 
than 1,500 women. 

The eamingH of the women vary considerably ; 
not a U'w mm from 20a to 258, jjer week, and even 
more, if cleveTp and upon well-paid work ; 48. and 



46. 6d. per day are not imosual amountH. As in 
*♦ aecondaiy schools," so it is in the Pimlioo ^tory ; 
candidates must undergo a preliminary examinatioiL 
Essential qualifications are — ^good character and 
aptitude for needlework. The ** examinei"s " are, 
the Matron, the Foreman Cutter, the Foreman 
Viewer, and the Instructor, On passing examina- 
tion, candidates ai*e placed in a trial division for 
probation, befoi'e being entered on the books for 
regular employment. The earnings of the seiim- 
stresses deiK^nd, of coui-se, uj»on theii- quicknesB 
and industr5\ Of two women engaged on the same 
kind of work, one will earn with spfwirent ease n 
sovereign in the same time that it tnkes her neigh« 
bom* to earn half the amoimt. Of the applicants 
for employment, less than one per cent are found 
suitable, a large proportion of them being servanis 
out of place, aitiiicial flower makers, and young 
women who have not been brought up to any kino 
of useful work, On the other hand, new hands 
ai*e occasionally tjiken on who can sciurcely make a 
button-hole at stiuling, but who fi'om singidar 
aptitude speetlily master the difliculties of tuniffit 
and make up the garments secundum art^m ; otheni 
never get beyond the first rudiments of tlie work. 

The factory is served by a steam engine of 25 
horse-power nominal, which drives the sewing 
nmchines, works the seven lifts, the cutters' knives^ 
and other appliances requiring steam power. 
Shafting in fixed whei*e needed. For tool-making, 
sewing machines repairing, kc, , an engineei-s' shop it 
provided. It is furnished with planing, sluiping, 
slotting, and drilling machines, steam and treikll0 
lathes, kc. Some highly ingenious tools and ap- 
pliances, such as the ironing arrangements, and tb« \ 
huttcin-hule machine, are produced in the factorr. i 

One of the evidences of kindly concern for tlio 
comfort of the work-people demands mention. An 
attempt whs mafle to provide dinners at cost prico 
for the workei-s. The numbei's of diners EuctUAlad 
very much, and the attempt was al»andotied until 
some improved arrangements could be carriad ont 
The provision of coffee in the monitng, and t«a In 
the aft'Cmoon, is a highly-api^reciated boon. Tbow 
who desite to take either give timely notioi^ and 
are sei^e^l with numbered tickets. Aa Uie man 
passes round to ascei-tain how many have to lie 
provided for, he exchanges ticket* for pen uire, u 
Inquired. The meal-room has accommodation at 
eight tables for 136 sitters. When t<«a is ready a 
whistle is blown once from the end gallery, lutd the 
holilfi^ of No. 1 tickets take their places. "Wica 
thetie have been served, and the cups and sanev^nt 
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are cleaned, tioo blows of the whistle bring up the 
holders of No. 2 tickets, and so on, until all have 
been served. The charge for a pint of good tea 
is one jjenny, and for a round of bread ami butter, 
or of seed or plum cake, the same. There is a 
slight lo2$8 on the breiid and cake, which are cut 
with a gauged machine, fix>m loaves of uniform 
size. U}K>n the tea there is a ^jrofit, from 
which, in 1877 for instance, 27 invalideil workers 
were sent to the sea-side for thi-ee wet»k8, 
and IS mure to Brompton Hospital. Among 
a numlier of others .£44 wjus lt*nt» fn*** of 
interest, fit>m the protit fund, which ht^ldom Iom^s 
by defaulters. A balance of £120 to cnnlit, 
after meeting these and numcixjus otlim- disbui-sc- 
ments, wius left in the bank. The consumption 
of tea is ul>out l,3un pints jK^r day. Tlie t4*a» siig-ar, 
and nulk, of the Wst quality, ai-e bought whoK'siiK*, 
upon the most favouniblo terms. The furnace at 
▼hich the u*a is made M«r\'es for the warming of 
tlie factory. The ivfn'shnu*ut <le[)aitment is mau- 
tged by a committee of tliixn.* memlxn-s eltvted by 
the wc)rk-i)eople. L'nder th^ir diitx?tion, from day to 
day, the teii, coffee, sugjir. milk, brt*jul, and cake ai*e 
given out in acconlance with the rtHjuisitions and 
receipts of the collector. The tea and coff«»e service 
is eagerly taken advantair<* of by the men, as well 
as the women, employe<l in tin* factor}*, who prize 
the products of tlie tea-nH>mas liixurits much to U* 
preferred to l>eer. In ad»lition to these material 
benefits, it should be mention«Ml that Miss Connolly, 
whose name is a hou.sehold wonl amon;^ the IxMievo- 
lent, has place<l other a^lvantages within the n^ach 
of the Pimlico workers, in estiiblishing a savin^rs 
bank, a sick fund, and a biu-ial club for the women. 
Miss Connolly and her friemls attend eveiy 
Saturday to receive contributions and comluct the 
business of these associations. Another Ix'iH'Volent 
lady, who devotes her life to warm-hearttMl pnic- 
tical well-iloing, has provitlt*<l a larjre room for the 
evening instniction and entertainment of the 
women. She and her friends kindly m«'«*t the 
seamstresKt^ who flwk gladly, brimming thfir work 
with them, to the phice of n»8ort : and while the one 
set of women read, smg, an<l play for the gratifica- 
tion of the humbler memliei-s of the sisterhood, th<*y 
happily •* stitch, stitch, stitch," but tfot ** in i^verty, 
hunger, and dirt" In summer-time, this gcxxl 
angel and her companions take the women into the 



country for a day's delight amid the verdant and 
tlonil beauties of nature. 

The establishment of the clothing factoiy has 
been of great advantiige to the public service in 
re<lucing the price, while improving the quality, of 
military clothing. It has dealt a heavy blow to slop 
contnict woi'k, and greatly alxiU-d the miseries hi- 
cident to the ** sweating " system, under which the 
IKJor n(*edlewomen are the princii)al sufferei-s. In 
the Government factorj- the con<.lition of the oik?^- 
tives is gi-eatly ameliorated. They work in hirge, 
well-lightetl, warmed, and ventilated rooms, have 
gooil wages, i>ennanent employment, and are lun)py, 
healthy, and contt»nted. The testimony of those 
most comi>etent to ex^a-ess an opinion conceridng 
the character of the establishment is strong and 
conclusive in its favour. 

In onler to giuinl as much as iKJSsible against the 
diswmination of small-i>ox and other contagious 
disoixlei-s that might be conveyed to the tix)Oi» by 
means of clothing ma<le in infected houses, a 
Dei>uty Insixftor-C^nenil of the Aniiy ^leilical 
DeiMirtment, with a DisiK»nser of Medicint^s, is 
attache«l to the clothing establishment. Tliey see 
the oiK'i-atives daily, and examine into all cases of 
ill health. They have a list of the work-i»eople and 
of their alnxles, and for each i^i-son employed, a 
certificate is provided on which is recordtnl as 
follows : — ** I hereby ceitify that in the house in 
which A B n»sides, theiv is no small-i)OX or other 
contagious disorder capable of l)eing conveyeil to 
othei-s by the clothing intrusteil to A B to make 
for the Government factory." This certiticate is 
<luly signwl by a medical pmctitioner, and a ivgister 
is kept in which tlie resiliences of the oi»ei-atives 
and the data's of the visits ai*e duly it^coixleil. 

This LB the only establishment, public or i)rivate, 
in which a medical officer and a dispensiu- devote 
their whole time and attention to the health of the 
oi)erative8. As far as can In? ascertaine<l, no one, 
fi-om the most fiushionable West-End tailor to the 
smalh^t army contractor, incui-s this expense. 

Minutely detaileil accounts of the stock and 
ojxrations at the factory are pivpai^l annually, and 
are oi)en to the criticism of Parliament and the 
public. 

To the Director and Sui)erintendent I owe my 
grateful acknowledgments for the facilities they 
kindly affoixled me in making my notes. 



FOREIGN RIVALRIES, — II. 

COAL AND OTHER MINERALS, 
By H. R, Fox Bovrxe, 



GREATLY favoured in its possession of mineral 
wealtli, Eughind has profited immensely by 
the skill and energy of its i>eopIe in making good 
use of the treasures at their hand. Its trade in tin 
has lasted for more than two thousand years, and, 
though the value of its copper, lead, and iron was 
not so early understood, the comparatively recent 
development of British industry in connection with 
these metals, and especially with iron, has been one 
of the marvels of the world. To feed its metid 
and other mamifactui^s, and to meet the require- 
ments growing out of them, moreover* the stores of 
fuel with which our country is also richly endowed, 
have been drawn upon and utilised fco an extent 
whicli even two or three generations ago would 
have been held impossible. In the fii^t year of the 
present century less than 10,000,000 tons of coal 
were raised in the United Kingdom ; in 1 845 the 
produce was about 32,000.000 tons; in 1876 it 
exceeded 133,000,000 tons, Al>out one^fifth of 
this quantity, or 27,000,000 tons, is consumed 
annually by the steam engines employed in our 
great manufactories; and it has been i*eckoned that 
the motive power thus generated does the yearly 
work of at least 7,000,000 horses, or as much as 
49,000,000 strong men could accomplish ! From 
that statement some notion may he formed of the 
way in which the opening up of our mineral 
reaoupoes has contri1>uted to our progress as a 
nation. 

As regards coal, indeed, it may be fairly ques- 
tioned whether oru' resources have not l>een openeil 
up too freely. In this respect coal stands apart 
from all other minerals and all other industrial 
pi-oducts. Of iron, tin, lead, and copjier we can 
hardly raise or manufacture too much, either for 
use at home or for exportation, j)ix>vided only a 
remunerative price is obtained for whatever is sent 
into the market ; but thei*e is certainly ground for 
caution, if not for alarm, in the continuous growth 
of our coal trade. Great Britain, it is true, has a 
larger stock of this most imjmrtant of all fuels than 
any other country in Europe — perhaps nearly as 
much as all of them jmt together. Its consumption 
is vastly in excesa of that of all the rest of the 
world, however, and there appears to be no limit 
to its increase, Dtmng the season of prosperity in 
Uie iron trade which culminated in 1873, the high 




prices obtained for coal gave a fresh stimulus to iti 
production, rmd the subset] uent eoiuniercial depres- 
sion, instead of lessening the sui*idy, ha» onlj 
induced rival colliery proprietors to overstock the 
market in endeavouring to undersell one another. 
It is undoubtedly to the interest of our manu- 
facturers and tnidei-s that coal nhould l>e cheap and 
plentiful ; but if, as in this c*use, abundance breeds 
recklessness, and futui-e prosperity is risked for 
immediate profit, the advitntiige is veiy short-Uvei 
It is estimated that, by strict econrmiy in the use of 
fuel, and by adoption of the l)est scientific arran^ 
ments at i>re«tent availaljle, even witliout such further 
improvements as inventive zeal might lie expected 
to ]>oint out, at least half of the coal now consiunad 
in our various manufacturing and trading open- 
tions, as well as in domestic ways, could be saTedL 
England is not justified in thus playing the sjiend- 
thrift with its mineral ti*eastires, liecause those 
treasures appear for ]>nictical pur|)oses to be inex* 
haustible. Even if tlie Royal Commissioners — ^who' 
rejiorted in 1871 that, at the present rate of oon^ 
sumption uur coal min^K cannot b»e exhausted ia 
a thousand yeai^s^ — were coirect in their calcu* 
iations, it is evident that, the deei>er we dig 
down, the greater will be the labour and the con- 
sequent increase of ex])eni^', however small and 
slow, in bringing the commodity to the autfaoft 
Who can say how soon the time may come when 
the advantage we now have over most fi 
rivals will tm lost ? 

Our present advantsige consists in many 
besides the mei-e fact of our po^^Jiessing an unu&ually 
lai*ge store of fueL English coal is for the mcwt 
jwijl es|>eciaUy suitable for the uses to which it ha» 
to be put Miich of it is found in convenient 
]>roximity to the iron in manufacturing which so 
large a quantity is employed, and much also ii 
within easy reach of |X)rts from which it can ht 
cheaply sent abroatl More than all. in the work: 
of our collieries, whether we consirler the mechaniaJ 
arrangements of our mines, or the training and 
\igour of our miners, we have been till hitelT, iJ 
we are not still, far aheail of all foreign cor 
It is only too easy to ^see, however, that . - 

if not in all of these i-esjiects. there are dangeii 
more or less near and grave in the way of oar 
continued supi^emacy tis a coal producing nstiou. 
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GERMAN AND NORTH AMERICAN COAL FIELDS. 



It will be long before some of the riclieBt coal fields 
in the world, as for iastance those of the Asturias, 
CSonlova. and Catalonia in Spaiii^ ivill be made 
much use of» the people who own them ha\4ng yet 
to be educated in industrial art and energy ; but 
other countries are already boldly entering into 
rival ry with us. So it is witli Belgium ; and yet 
more, because the ai-eas to l>e 'w^orktad ai-e so much 
more extensive, with Germany, which baa import* 
Ant coal fields in Upper Silesia, Saarbriick, and 
We«tphalia : tlie last^ aituate<i in the valley of the 
Ruhr, near its jimction with the Lower Rhiiie, 
being not only the bu-geat in ai-eu, but iilao now the 
most productive. Tlie history of this Westphalinn 
cool field well illustrates the nature of the foreign 
competition with England that is gi*x>wing ii]> iu 
Diany liji;alities. *' Twenty years ago/* Mr. Ulitfe 
Leslie wi'ote in 1869, ^*the Ruhr Basin was nowhere 
in the industrial race : now it produces nearly lialf 
as much coal as the great nortliem voiil tieltl of 
JEoglanrl. Twenty yeai's ago it had. onjy jtist com- 
jdeted a single liJie of railway ; now the baiiin is a 
network of branches, connecting not only the towns, 
but the princi]ml maniifiietories iuid colli erien, with 
the tiu't*e muin lines which travei'se it. The immense 
increase of production is mainly attributable to the 
introduction of railways and the low charge of the 
carriage of coal. Down to 1851 the Ruhr and 
the Rhine wei^*? tlie only meaiis of transfM>rt in 
districts beyond the immediate neighbourhooii of 
the collieries, and the gi-eater part of the coal was 
of an inferior kind, raiseil where it came to the 
surface by small collieries along the Ruhr. In 
1851 the Cologiitf-llimlen Railway came into use 
for the transpoii; of coal, and led not only to deep- 
pit sinking and the discoveiy of seams of superior 
€0*1 in otber jiart^ of the biLsin, but also to the 
establishment of u*on works and other manufactories, 
affording a local market for the coal To this local 
market, down to 185SJ, it was in a great manner 
confined. In that year the chai^ for railway 
carria^ of coal for long distanoea wa^ reduced to 
one pfenning per centner per German mile " — rather 
leas than a farthing a ton \iev English mile — '* and 
the result was immense increaae of production. 
The railways and coal mines render each other 
reciprocal service. Tlie can4tige of Westphalian 
coal is now one of the most imf)ortiiiit branches of 
traffic on seveni! of the chief Prussian lines, and 
the low rates at which it is cairied eualile it to find 
a distant market The pmjected reduction of the 
rate for the transport of iron ore to the same tariff 
as that for coal, when carried into effect, will 
17 



gi-eatly augment the market for coal as well as for 
manufactured iron. Until the last few yeai*8 tlio 
Ruhr Basin excelled only in the manufacture of 
steel, but its iron miuuifactures are now of the 
highest c|uality." The stime process is going on in 
many other pails of Europe, threatening not only 
the coal trade of England, hut much more seriously 
the iron trade, wliich is always largely de[)endent 
on the aocessibiHty of the fuel necessary to its 
operations. 

The greatest danger to England, how^ever, in 
respect of coal, will certainly come, though, per- 
hajxs, not at once, from the United States. Not 
only ai*e the North American coiil fields at least 
ten times as extensive as those of Gi-eat Britain, but 
they abound in the richest varieties of coal, much of 
which is very easily to be got at, and in convenient 
proximity to the almost e<[ually abundant stores of 
iix>n. Whereiis in 1 840 the output of anthracite cool 
was only about 1,000,000 tons, in 1875 it reached 
21,000,000, the supply of bituminous and other 
coal in the same year being about 2 5, 5 U 0,000 tons. 
Only a generation having elapsed since tlie American 
mining industries were in theii" infancy, their pro- 
gi'ess has l>een an amazing one. They have hiboiired 
under both natural and artificial dilticulties. In a 
sparsely-peopled country, the exi>ense of tninsit is 
necessarily great, and labour is often very costly. 
Both these obstacles^ however, have lieen iu great 
measure overcome already, and the country has 
flourished so much in spite of mischievous com- 
mercial legislation and the follies of unprincipled 
speculators, that w*hen tht?st? have been got nd of, 
its industries may be exjMicted to increase with 
even more startling rapidity than lieretofoi-e. Even 
should the United States do no more than tise their 
own coid to te<3<l theii' own manufactories and su[>ply 
their own inhahitants with all such commodities as 
hfive hitherto been sent across the Atlantic from 
Europe, and especially from England, the effect 
will be considerable. But more than tliat nuist be 
looked for. Ah-eady our American cousins are 
com|>eting successfully with us in many of the 
markets of the worhL With their incrcAseil skill 
in manufacturing for themselves will come increased 
ability to cater cheajtly for the wants of other nations. 
The possession of coal and iron iu abun< lance means 
|X>wer to make and sell almost everything. That 
j>ower will certainly J>e used more and more every 
year by the capitalists and working men of 
America. 

Li certain respects, as regards coal and other 
mining, England and the United States, whatever 
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rivalry may exist between tliemuelves, occupy and 
wiU pmbabiy eontiiiue to occupy, nearly the same 
position as competitors with other nations. The 
American working classes are natiiriiUy of iilmost 
the same tempemment ma their kinsmen in thiii 
country^ and exliibit substantittHy the same merits 
and demerits. The average English collier is able 
to do at least lialf H.'i much work agitin in a day as 
a Frenchman or a Belgian, and he is also greatly 
tuperior to an ordinary German. An American is 
generally his equal, and often even gets through con- 
sidemhly more work in a given time. Both Americana 
and EngliMhnion, however, expect higher pay than 
Continental labourers, not only because they require 
more food and other necessaries of life to keep up 
their physical superiority, but also because many of 
their tiistes are extravagant In 1874, a season of 
higli wages, Mr. Lowthian Bell, instituting a careful 
comparison between the English and American 
wage rateH for mining, found that an American 
produced 1 3 cwt, of coal in an hour, for which he 
received Is, Id., w^hile an Englishman obtained 
Is, 2d. for turning out U cwt in the same time, 
the difference being mainly caused by the greater 
facility with which American colUmes are generally 
worked. On both sides of the Atlantic the rate of 
wages has of course been oonsidembly reibiced in 
later years, but now, ha heretofore, the labourer on 
the Continent gets far lower wages than lua rivid 
either in England or in America. Tliougb he toils 
for a longer period each day, the pnxiuce of his toil 
is far less. Wliether this difference is likely to Ijc 
permanent may well be doubted. Great efforts 
are made Ity many employers abix>ati, and especially 
in Belgium, to improve the condition of their work- 
men. No one visiting the mining establishments 
in the neigh bourhootl of Lidge, for iiLstance, C4in 
fail to lie astonished — however much he may object 
to the excess d paternal authority, leading to 
something like serfdom, thus displayed— by the 
ehibonite and benevolent zejil with which the coliiera 
antl other lalx>ui'ers are cared for iii all domestic 
concerns. A spirit of independence is hardly 
encouraged thereby ; but the physical power of the 
workman is increased. " The value of the English 
workman," says Mr. Redgrave, •* still remains pre- 
eminent, although the interval between him and 
his comi>etitors is not so great as it was. He haa 
not i-etrograiled, but they Imve advanced/* Tliat inv 
pUe«, other conditions of rivalry being stMionary, 
that the foitiigner is gaining on the Englishman ; 
wid| if it be so, the result must necessarily be un- 
&voumble U) the supremacy of English industry. 



It is not necessary now to say much about the 
various minerals that have become great staplei*- 
of British manufactures and commerce, as in future 
chaptei-s we shall have to note the princi^ml features 
in the competition between our own and other 
countries in converting them from the raw material 
into articles of use and ornament We have had, 
indeed, to refer to iron more than once in ouf 
i*emarks on coal. The great value of our iron 
wealthy as compared with that of other natioi 
dej>end8 largely on the convenient proximity of ihm 
ore to the fuel needed for its manipulation as well 
as its extraction. Till lately^ in fact, through th< 
occurrence of clay ironstones in the cool basins 
West Scotland, Staffordshire, and South Wales^ 
l>oth minerals were obtained from immediately 
adjacent, if not actually fram the same pita. These 
stores have been to a great extent exhausted, but 
our country still has the advantage of possasBing 
deefier seaniH of ironstone, w4iich only began to 
oi)oned up some thirty years ago, in North York- 
shire, Lincolnshire, Noi-thamptonshire, Oxfordshire^ 
and Wiltshire, and which are sufficiently near to< 
the coal tields to reiuier their working eaaj 
very profitable. The dii^covery of the Beenenner^ 
[processes, again, has gi^eatly enhanced the vtdne of 
the hiematite ores that were formerly of small 
account. Of the 16,841,583 tons of iron ore pn> 
duced in 1876 about a tliird was of the first- nam t?d 
description, more than half of the second, and a 
Reveuth of the thiixi. Wlien noticing the oomjied?' 
tion between England and foreign countries 
manufacttired ii^on, we shall have some evidence 
the dangerous rivalry offered to us by favonnMi 
Continental districts in oonseqiiejice of their ixxneaB- 
ing iix>n seums nearly as readily workable as ours. 
It is from the Unite<l States, however, that in tb« 
more or less distant future the greatest o|ipoBttiottj 
may be expected in respect of iron as well ai 
coal. Tliere the distances between the two materiali 
tliat have to be brought together cause heavy «c- 
pense at present, but the oi-es are^ on the whole, of 
unrivalled quality. "Taking all the iron ore ruMd 
in Great Britain,** says Mr, Lowthian Bell, " it» 
average percentage of iron will be a trifle under 
35 [>er cent., whereas the pi'oiluce of the rnrnt^ 
of the United States, similarly oonsiderod* will 
1m» alx>ut 56 per cent ; which means thai lor 
each t^n of iron made there is a ton less ore to 
l>e dejdt with by the American ironma«t«r thail| 
by ourselves. Tliis, in smelting charges, and 
cularly in the matter of transport^ ia a very m- 
j)ort>int distinction/' Tliat if only the chief flf 
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many advaatages which the Americana possess over 
the English ii-on manufacturers, and of which they 
may be expected naturally to make great use. 

Ln comparison with iron, the other miiieml 
treasorea of Great Biitaiii^ famous as they wei'e in 
old times, ai^ alnioat insigniiicaut, and thei^foi'^ 
the dangers offered to our national welfare are less 
momentous. Yet, in some cases, thei"© is ground 
enough for alarm. Whereas a hundred yeai*H ago 
the annual yield of tin from the Cornish and 
Devonshire mines was only about 3,000 tonj^, the 
quantity was 13,688 tons in 1876. There lias 
been a steady deci'eaae, however, for seveml yeara 
past in the English supply, and yet more in tlie 
price obtained for it, the produce of the East 



Indian islands and of Australia being now brought 
over so freely as to cripple home enterprise. What 
is gain to the manufe43turera is thus a serious injury 
to the tnining classes. The lead mines, which stand 
next to tin in order of value, are hardly at all 
affected by foreign competition j but the pixispecta 
of the copjaer mines una yet more gloomy. The 
yield of copper ore in 1869 wa« 129,953 tons ; in 
1872 it had sunk to 91,983 tons ; and "in 1876 it 
amounted to only 79,252 tons. The fluctuations 
in the zinc trade are considerable from year to year, 
but thase are due chiefly to local causes. Prussia 
and Belgium have ah^eady, as I'egai^ds thlH metal, 
inflicted upon our country nearly as much injury 
as can come fi-om foi'eign competition. 




HEMP, FLAX, AND JUTE.— IT. 

THE FLAX PLAlfT AlfD ITS CULTH'ATIOK. 

By David Brbhnbr, Author or " Thb IxprsTJiiEs or Scotland " 



PERSONS who have visited the North of Ii-e- 
land when the flax |>lant was in flower, must 
bAve turned away pleaaant recollectioixs of the ajv 
pearanoe presented by the fields. Iiiileed^ it would 
be difficult to conceive anything moi*e beautiful than 
the broad expanse of delicately-foraied blue flowers, 
borne aloft on their slender stems, and unduiatetl 
by the gentlest bi-eeze. In many cases tlie niw 
materials of industry present little attiuction to the 
cye» but hei'e we have what may be truly descnl>ed 
AB '* s thing of beauty." When the flowers give 
phuse to the seed vessels, and tiie flelda assume a 
more sober hue, the plant still i^etains a captivating 
grace of form, and aa it shakeii its capsules in the 
breeae, gives out a low iiistliug sound, which Koothc's 
ear like the nmimur of a brook. If a stalk or 

O be pulled and jerked between the hngers till 
the woody core becomes separated from the fibre ^ it 
wUl l>e seen how stmng and Hilk-like the latter is. 
This exijeriment will also show how firmly adhesive 
the fibre is to the core, and serve to explain the 
necessity for the ojieration employed in their separa- 
tion on a large scale. 

Tlie 1>otanical name of flax is Lhium ttgitaiis- 
simum; in German it i& Jiuclm : Dutch, vlasch ; 
Knaaian, Un; Flinch, lin; Italian and S{mnish 
/ifi^. In botanical phraseology the plant is de^ 
acribed as follows, but persons who aixs not familiar 
with the scientific terms may form an excellent 
idea of it« appearance from the accomj>anying 



engravings: — Flax is an annua!, lising on a single 
stajk to the height of from 20 to 40 inches. The 
stem is nmooth, simple, and erect, of a beautiful 
green colour, and when at its full height, it is 
crowned with a nuiiilxir of small bright-bluo 
flowers, of very delicti te textui^e and elegant form. 
The leaves ai'e alternate, sessile, linear] anceo late, 
and smooth, and the llowere are arranged in a 
corymbose jmnicle. The septils, or green outer leaf- 
lets of the flower, are five in numbt-r, ovate acute, 
slightly ciliated, and nearly equal to the caiisule in 
lengtli. The ti%'e [>etals are obscurely crenate, com* 
paratively large, and deciduous. Tlie stamens are 
alternate with the j>etals, and have their filaments 
luiited together nej^r their base into a sort of ring. 
The ovary, or young seed vessel^ is divided into five 
cells, surmounted by five stigmata, and the capsule 
or l>oll is rounilish, but rather jtoiiited at the aj^x, 
divitled into ^ve cells, each sub-divided into two, 
thus forming ten divisions, eacli of which contains 
one seed. The seeds are of an oval sha|)e, plump, 
smooth, and shining, genenilly brown externally, 
but white iiit-erually, the see<l coat mucihiginous, and 
the kernel oily and farinaceous. The stem eonsista 
of a pith and woody part, with a layer of bast 
fibres, covered with cuticle on the outeide. When 
carefully cultivated for the fibre, there are only 
two or thi-ee seed vessels to each stalk, and few or 
no branches, but any there are spring from near the 
top of the stem* Shortly after flowering, the aspect 
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of the plant becomes changed, and the handsome 
flowers give place to the small, rough-cased globules 
or boUs filled with se^. 

There are four varieties of the plant. One, known 
as tUaee or teaee, has long been 
grown in India for the sake of 
its seed, and owing to the fibre 
being of no consideration, the 
stem has, through neglect, become 
much branched and stunted, and 
coarse. It is believed, however, 
that were attention paid to the 
growth of the stems, the plant 
would, in course of time, assume 
the charactei*istics of the kind 
grown in Europe. Though the 
fibre is with us regarded as the 
most valuable product of the 
plant, the seed is an important 
article of commerce. It contains 
a large proportion of oil, which, 
when expressed, is known as lin- 
seed oil, and is applied to many 
purposes. After the oil has been 
extracted, the refuse is pressed 
into cakes, and is largely used as 
a fatting food for cattle, while 
the ground seed, known as linseed 
meal, is a well-known emollient. 
One bushel of East Indian seed 
yields ftom 14 J lb. to 161b. of 
oil; of Egyptian, 151b.; of Sici- 
lian, from 14^ lb. to 15^1b. ; of 
Russian, from 111b. to 131b.; 
and of English, Irish, or Scotch, 
lOf lb. to 12 lb. Our imports of 
seed, oil, and cake, are very lai^. 
In 1829, we imported only a 
million and a half bushels of seed; 
now we take six or seven times 
that quantity every year, at a 
cost of between three and four 
millions sterling. Of seed oil we 
took in 1876, 22,759 tuns, valued 
at £811,421, and of oil-seed cake 190,281 tons, 
valued at £1,768,231. The seed from which flax 
is raised in Ireland and other })arts of the king- 
dom is for the most part imported from Russia 
and Holland, and as on the quality of the seed 
the success of the crop chiefly depends, great 
care is taken in its selection. As the seed, when 
kept long, loses its germinating powers, means are 
taken to insure that the seed purchased for sowing 




is of the previous year's growth. Riga seed is the 
kind generaUy used in Ireland, as it is best adapted 
to produce a fine quality of fibre from the soil of 
the country. American and Dutch seed find favour 
with some growers. An inter- 
change is believed to be rather 
advantageous, for it does not suit 
to raise the crop from the seed 
saved on the same ground, ex- 
cept, perhaps, in an occasional 
year. 

According to Professor Hodges, 
of Belfast, the chemical compo- 
sition of the flax plant is as 
follows : — 
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The stem of the plant, when 
dried, contains 96*89 of oi^nic 
matter, and yields 3 '11 of ask. 
The ash contains : — 
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Climate and soil are, of course^ 
most important factors in the 
successful cultivation of the flax 
plant. Mr. Warden, in his ad- 
mirable work on "The linen 
Trade, Ancient and Modem,*' 
says, the climate most suitable 
Pistiu. six times nat.stie: (s) Seed for the growth of the plant is one 

e : (sTSection of Seed VeMel, twice . . , i j> • i 

■ ■ * having a r^^lar supply of genial 

moisture in spring, without an 
excess of wet in autumn, and where the tem- 
perature is pretty equable throughout the season. 
A severe drought, with a hot sun, after the plant 
has risen two or three inches above the ground, 
is very detrimental to it. The delicate leaves are 
then unable to exclude the scorching rays from 
the surface of the soil, and as the roote have 
not had time to penetrate sufliciently deep to 
secure a supply of moisture, the plant dsoi^pSy^ 
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turns a whitish yellow, and, if the drought con- 

tinue lang^ it dies. Long-continued dixiughts ure 

therefore a great enemy to 

the flax grower, and as these 

are less frequent in the 

British lalandB than on 

the Continent^ tjiis country 

wotUd appear to be more 

suited for its cultivation. 

When the plant thoroughly 

co%*ers the ground, dry 

weather does little injuiy; 

bat occasional gentle showers 

are requUite to stimulate its 
m growth, from the gemiinating 
I of the seed until the flax 
B attains maturity. Alternate 
w||^Qwen and sunshine make 
™^tito most vigorous plants, and 

produce both quantity ftud 

ijUiUity of fihm Slioii;, liot 

IOTinmei-s induce too rapid a 
growtli, and, although the 
quantity of fibre produced is 
liii^, the qiuility in never 
fine. In Egy|jt, thoi^li the 
plant attains great luxuiiousness in the Hch alluvial 
Boil of the Nile, and efibrts have been made to 
improve its culture and pi'e pa ration, yet the fibro 
does not reach the degi-ee of tLueness and softness 
■ requisite for spinning into very 
H nnaU sizes of yarn. Tlie hot 
f BUmmers of Russia aud Prussia. 
are also inimical to fineness of 
fibre, and the bulk of the flax 
grown in tboae coimtries is 
dry and brittle, and wants thut 
elasticity, pliancy, and oiline*iK. 

I which are found in the pro- 
duce of more temperate coun- 
tries. There is, however, less 
care bestowed ujion the cidti- 
vation of tlax in these countries 
than in Belgium or L'eland, 
aud jierlm|>8 this, as well as the 
hotter climate, may tend to 
pro<Uice a coarser fibre. With 
careful cultivation, flax will 
flourish over a great range of latitude; but only 
where the conditions indicated exist can it be pro- 
duced in the highest degree of fineness, and eon- 
sequent suitability for conversion into the more 
delicate textures 
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With regard to soil and cultivation, we could 
have no better guide than Mr, Charley, whose 
book on *^ Flax and its Pih> 
dticta in Ireland '* contiiins 
much valuable information. 
He tells us that the best soil 
for flax is a nice dry, sandy 
loam, or an aUuvda! soil, not 
t<x) light, but of medium 
weight, with a strong subsoil, 
but not of a clayey natui'e. 
With gi*eat care, however, a 
fair ci*op may be had on 
other soils not so w-ell adapted 
for the purpose. The ti*eat- 
II lent of the soil shoidd de* 
peml on its fpiality, the 
object to be attained Iwing 
tbe production of a fine, deep, 
diy, and clean bed for the 
seed. In the citse of light 
soils, it is cousideiTd l>est to 
]ilough the wheat stubble in 
Febriiar)'* or early in March, 
so as Uj get a little of the 
fi*ost. In Apiil it should be 
well haiTOwed, and picked clean of any weeds, then 
sown with seed at the rate of 3| bushels to the 
Irish acre, equal to a little over 2 bushels to the 
The ground should l)e made 
as even and flat as |iossible, in 
ortler to insure unifonnity of 
length in the stems of the plant 
when at matunty. After the 
seefl is sown, which should l>e 
done uj> and down the rig, not 
across, a fine seed haiTow and 
a light roller should l>e ]^iassed 
over the field, to cover the seed 
and finish the [ilot. When these 
oj)ei*ation8 are completed, the 
seed should be about one inch 
below the surface* It is con- 
sidered adWsalile to sow rather 
11 full quantity, as the greater 
the number of stems the greater 
the quantity of fibi*e. When 
the seed is sown apai-sely, as 
in casee where the seed produce and not the fibre is 
the chief consideration, the plants come up sti*onger 
and coars€»r, and bear heiivily -branched tops, loaded 
with seed capsules. Depth of tillage is of great im* 
portance, as the roots penetmte far down in search 



Flowxrs AST) Uppub Stalxs or Tukz Fujrr, 



English statute acre. 



134 



GREAT INDUSTRIES OP GREAT BRITAIN. 



of the nourishment required bj the plant, and if 
their wanderings be checked the crop suffers. In the 
ease of soils of a medium class, the same treatment 
as here described will be found to suit, provided 
the fields are well situated and well drained. 
Heavy soils require two ploughings and frequent 
harrowing and rolling to reduce them to even a 
tolerable condition, and wise farmers as a rule 
avoid committing flax to ground of this kind. 

The seed is the next consideration, and, as 
already stated, it is an important one, and the 
best modes of using it are indicated above. Then, 
the rotation of crops must be kept in view, as on 
this depends the successful cultivation of flax. 
The usual system ia not to sow two crops of flax 
on the same soil without an interval between of 
from six to ten years, so that the land under the 
ordinary agricultural rotation is regularly re- 
ceiving from the different manures applied a part 
of the special nourishment yielded to the flax, and 
in the time specified becomes again ready to 
support another crop. In the instructions to 
flax growers, the Soci^t^ Lini^re of Brussels main- 
tains that " above all things the rotation of crops 
must be scrupulously observed ; if seven or eight 
years be allowed to elapse before again sowing flax 
in the same field, it is certain that there will be a 
good crop ; but the less the interval between the 
two crops, the less is the second to be calculated 
on, either for quality or weight." 

In Ireland, the highest authorities seem to be 
agreed that the best rotation is as follows : — First 
year, lea ; second, oats ; tliiixl, })otatoes and tumijis ; 
fourth, wheat, one- half sown with grass ; fifth, half 
hay, one-fourth flax, one-fourth beans. More or 
less flax than this may be safely gi*own, at the 
discretion of the farmer ; but flax ought never to 
be raised on the same soil oftener than once in 
ten years. If sown the fii-st year after a potato 
crop, the flax grows too rank to thrive, and besides 
this the farmer loses the inteimediate very 
profitable crop of wheat, without having any real 
benefit to counterbalance the sacrifice. When 
sown after wheat in the manner mentioned, it is 
really an extra crop, grown without manure, and 
so in no way an exhaustive or severe crop. If 
grown oftener than once in ten years, it is no 
doubt a severe crop. In poor soils not fit for 
growing wheat, flax may be sown after potatoes 
with advantage. A difficulty that farmers who 
have been disposed to give flax a trial have 
experienced, and, indeed, continue to experience, 
2B a rooted belief in the minds of many landowners 



that the crop is one that impoverishes the soiL It 
has been customary in certain parts of Ireland, and 
also in England and Scotland, to insert clauses in 
the leases of farms prohibiting the growth of flax. 
The prejudice is, however, a groundless one ; for by 
following a proper rotation of crops, and returning 
the waste matter of the flax to the soil in the form 
of manure, all that is taken away may be restored 
Among the instructions to flax growers issued 
by the North-Eastem Agricultural Association ci 
Ireland is the following relating to sowing, which 
illustrates how careful is the treatment required to 
produce a satisfactory crop : — '^ The seed best adapted 
for the generality of soils is Riga, although Dutch 
has been used in many districts of the country for 
a series of years with perfect success, and generaUy 
produces a finer fibre, but not so heavy a crop as 
Riga. In buying seed, select it plump, shining, 
and heavy, and of the best brands, from a respect- 
able merchant. Sift it clear of all seeds of weeds, 
which will save a great deal of after-trouble, when 
the crop is growing. This may be done by farmersi 
and through a wire sieve, twelve bars to the inch. 
Home-saved seed has produced excellent crops, yet 
it will be best, in most cases, to use the seed which 
is saved at home for feeding, or to sell it for the 
oil mills. The proportion of seed may be stated 
at one Riga barrel, or three and a half imperial 
bushels to the Irish or plantation acre, and so on, 
in proportion to the Scotch or Cunningham, and 
the English or statute acre. It is better to sow 
rather too thick than too thin, as with thick sowing 
the stem grows tall and straight, with only one or 
two seed capsules at the top; and the fibre is 
found greatly superior in fineness and length to 
that produced from thin-sown flax, which grows 
coarse and branches out, producing (as we have 
already seen) much seed, but a very inferior 
quality of fibre. The ground having been pulver- 
ised and well cleaned, roll and sow. If it has 
been laid off without ridges, it shoidd be marked 
off in divisions, 8 or 10 feet broad, in order to 
give an equable supply of seed. After sowing, 
cover it with a seed harrow, going twice over it 
— once up and down, and once across or angle-wise, 
as this makes it more equally spread, and avoids 
the small drills made by the teeUi of the harrow. 
Finish with the roller, which will leave the seed 
covered about an inch — the proper depth. Hie 
ridges should be very little raised in the centre^ 
when the ground is ready for the seed, otherwise 
the crop will not ripen evenly ; and when land ii 
properly drained there should be no ridges. A 
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fltolen crop of i-ape or winter vetches, or of tiu-nips 
of the stone or Norfolk glo^xj varieties, may be 
taken after the fiax in pulled. Rolling the ground 
after aowing is very advisabk^, care being taken not 
to roll when the ground is so wet that the eftith 
adhereB to the roller/' 

HaWng iIe|>Oidted the Heed in the earth, the flax 
grower's next care is to keep a close watch for the 
appearance of weeds aeiong Im ci-op* In all case^ 
weeds euce objectionable, but flax in peculiarly liable 
to deterioration from their presence. Accordingly, 
when tbe ]*lant has I'eached a height of 5 or 6 
inches, and Hiich weeds m niay Im^ present have 
ahown themselves, the fieldti muat be gone over 
with scrupulous care, and every alien growth re- 
moved. The weeders niust l>e shod in a way not 
to injure the flax plants, and in [wissing over the 
ground th^y nnwt work towaidM the wind, so that 
the down-tixxlden plants may have the aid of the 
breeze in their eflbi-t to i^tKiover a perpendicular 
position ; — tliis point m of biich inipoi-tance that, 
18 we shall immediately see, grt^at stress is laid 
upon it in cert^un official regidationa. When 
the plant is gn>wn chiefly for its seed, it is 
ttanal to allow it t-o attjim maturity ; Vmt when 
the fibi-e is the cliief consideration, it is pulled 
before it has becon^e quite ri{je» the common rule 
in Ireland being to ^Uow two-thiitls of the stalk 



to become yellow, and not to allow time for the 
seed capsules to become more than slightly tii^ged 
with browiL In the instructions of the Soci^te 
Lini^re, alM>ve refen^ed to, the following is the 
direction relating to the projier time for piUling : 
— •* It has been proved that when the flax is pulled 
between the falling of the flower and the formation 
of the seed, the fibre is finer and more solid than at 
any other time ; no that unless it is wished to sacri- 
fice the quality of the flax to obtain seed, the former 
must not wait the full maturity of the latter/' The 
instruction of tlie North-Eastern Agricultural Asso- 
elation of Ireland, with regai\l to weeding, is as 
follows : — ** If c^ii-e hag been paid to cleaxing the 
seed and the soil, few weeds will appear ; but if 
thei-e be any, they must be cai*efully pulled. Tliis 
is done in Belgitim by women and children^ whu» 
with coarse cloths round tlieir Ifnees, creep along 
on all-fours. This injures the yoimg plant less tlutn 
walking over it (which, if done, shotdd be hy persons 
whose 8hoes are not filled witli naOs). They should 
work also facing the wind, no that the plants laid 
fiat by the pressure may he blown up again, or thus 
he asaisted to regain their ujiright position. The 
tender plant pressed one way soon recovers ; but 
if twisted or flattened }>y careless wee<lers, it seldom 
rises again. Tlie weeding should l>e done before the 
flax exceeds G inches in height" 
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SIR JOBIAH MASON, OP BIEMINUKAM 
Bv KoHERT Smiles. 

THE teachers of a ceitain school pronounce in net 
tenns the dictum that ** njan has always been the 
creature of the circuuistauces in which he lias been 
placed ; and that it is the character of thesie chtjum- 
■tances which inevitably makes him ignomnt or 
intelligent, vicious or ^ iituous, wretched or happy/' 
The progreas, conduct, character, atbiinment^, and 
achievements in life, of some men, fiu-nish startling 
commentariea on this doctrine. There are instanoea 
of even hoys, handic«ipj>ed with ignoiimce and 
poverty, who run spleudidly the nic<^ of life, and 
rise to become usefiih honouied, and influeiitjal 
men, and reach the summit in the buaineas occujm- 
tion, or profession, they elect Ui follow. Sir Josiah 
Mason was just swch a man. He was born at 
Kidderminster, on the 23ni of Februaiy, 17Dj. 
Hia parenta were worthy and reputable people, 
though their ciroumstances were straitened. When 




only twelve yeai-s old, he had the misfortune to 

lose his father (who died at seventy years of age, 
and his mother at eighty-two). 

The occujMitions followed by Mr, Mason in his 
boyhood and youth at Kiddenuinster, were tliose 
of shoemaker, liaker, and caif>€*t^weaver, and it 
can tie readily lielieved that they were but a aorry 
training for his new life in Birmingham as a metal 
worker — an entirely new vocation, in which he hitd 
everything to leaiTu His mai^ellous success fur- 
niBhei conclusive evidence of his fiower of adapting 
himscdf to cireumstances, of his industry, skill, and 
except! onallygi^eat natui-al gifts and capacity. Either 
immetliately, or very soon after, he commenced work 
in Birmingham, he waa employed hy a maker of 
jewellery and gilt toys, and remained with liiin for 
about ten years. Before the expiry of that time, 
such had been his assiduity and acquired skill, tliat 



136 



GREAT INDUSTRIES OF GREAT BRITAIN. 



his employer promised him a partnership. The 
employer's family opposed the proposal, and the 
master died without its being carried out. The 
successors to the business offered Mason a liberal 
salary to remain as manager, but feeling that he 
had not been treated honourably, he refused to 
accept the engagement, and left the concern. He 
had, however, become to some extent known, and 
had no occasion to despond, men of his stamp being 
in demand in Birmingham. An acquaintance 
directed him to Mr. Samuel Harrison, of Lancaster 
Street, split-ring maker, to whose business Josiah 
Mason ultimately succeeded, under the style and 
title of Mason, late Hai-rison. The attachment 
between Mr. Harrison and Mr. Mason from 
almost the commencement of their connection, was 
of the most affectionate character, and memorials 
of his deceased friend in tools, presses, and other 
articles, were preserved and cherished by Sir Josiah 
in his house and in the Orphanage at Erdington, with 
the most loving care. Hanison was a man of excel- 
lent parts. He had a high sense of honour, a warm 
temi>erament, and was possessed of considerable 
scientific knowledge and handicraft skill. He was 
the friend of Baskerville, the eminent printer, and of 
the distinguished Dr. Priestley, with whom he made 
scientific experiments. Mason was not probably 
very fastidious, when he reached what Burke called 
**the toy-shop of Europe," as to the branch of metal 
working he would take up. He had a wide choice, 
but whether he betook himself to making the parti- 
cular instrument — the pen — ^because it is " mightier 
than the sword," we know not At any rate, he did 
so, and became one of the '' largest makers " of steel 
pens in this coimtry — probably in the world. 

How Mason began to make steel pens was in 
this wise. The late Mr. James Perry, of Red Lion 
Square, London, a man of great energy and per- 
severance, was probably the first maker of steel 
pens "for the market" It was not, we believe, 
earlier than 1825 that he commenced to push the 
sale of these articles by travellers and advertise- 
ments. About 1828 — ^three or four years after he 
had joined Mr. Harrison — Mr. Mason saw a card 
of Perry's pens in a stationer's window in Birming- 
ham, price 38. 6d. each. He purchased one, 
and after examining it, came to the conclusion 
that he could improve upon it He forthwith made 
three pens, and sent them to Mr. Perry in London, 
who within two days arrived at Lancaster Street, 
for conference with the man that could make better 
pens than his own. The result was an arrangement 
for Mason to make the pens, and Perry to sell them, 



the goods to be stamped with Perry's name, or with 
the title of the " Perryan Pen." It may here be 
mentioned that, although Sir Josiah Mason was 
an extensive manufacturer of steel pens for nearly 
fifty years, he was never known as such by the 
general public, the names of the traders whom he 
supplied, and not his own, being stamped upon his 
productions. 

Mr. Joseph Gillott commenced his career as a 
pen maker about the same time as Mr. IVIason. It 
was an entirely new department of metal working, 
requiring specially adapted machine tools and other 
appliances. Mason and Gillott appear to have 
contrived their own methods, for it is remarkable 
that their names scarcely appear in the Patent Office 
Records. A considerable time after the trade was 
fairly established, steel pens were sold at Is. each. 
But now a gross can be had as low as 2Jd., the 
prices for nibs, wholesale, ranging from that figiu^ 
to about Is. 6d. ; and for barrel pens, from 7d to 
30s. per gross. Since 1830, great improvements 
have been effected in the machine tools and pix)cesses 
employed in pen making ; the quality of the goods 
has been vastly improved, the production has been 
enormously increased, and the use of the article 
greatly extended. Sir Josiah Mason has taken a 
leading part in effecting this revolution. When he 
retired from the Lancaster Street Works, his people 
were rolling 5 tons of steel weekly, and had con- 
stantly about 60 tons of pens in different stages 
of manufacture. 

Mr. G. R. Elkington, about 1840, commenced 
operations as an electro-plater, and inaugurated a 
complete revolution in the plating trade. In 1842, 
Sir Josiah joined him as partner, and took an active 
share in the design and erection of the magnificent 
establishment in Newhall Street Many fiiends 
endeavoured to dissuade the firm from prosecuting 
their enterprise. They carried on the business 
for a considerable time at a loss; but by skill, 
perseverance, and good management, surmounteil 
all obstacles, overcame all difficulties, recover 
their losses, and had their efforts crowned witli^^ 
triumphant success. 

In 1850, Mr. A. Parkes, chemist to Elkington^cr 
and Mason, an accomplished metallurgical chemist^i-^ 
took out a patent for an improved method of copper^a^ 
smelting : the partners in Elkington and Mason, thc^^ 
electro-plating firm, entered into another partner- — 

ship as Mason and Elkington, for the copper smelt 

ing business. They erected works at Pembrey, in 
South Wales, which was then a small village, but» 
in consequence of the establishment of the works^ 
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rapidly increased in importanca A school for the 
workmen*B children wjis built very soon after the 
works were opened. The achtjol* in the pi-ovision 
of which Sir Josiah Mason took the leading part, 
was always to him an object of the most lively 
int-erest and wiitohfnl care. 

When Mr. G. R. Elkington died, 8ir Josiah 
retired frora the electro- 
plating fimi of Elkington 
and Mason^ and the 
coppor-smeiting film of 
»n and EUkington. 

ibsequently he retii*ed 
from the extenaive pen 
manufactory, steel antl 
other metal small-ware 
works in Lancaster 
Stn^et, which were after- 
wards can-ied on by a li- 
mited liability rouipany. 
But he succeeded in es- 
tablishing an extensive 
refinery for the maiai- 
0K7tare of nickel and 
other metals. 

The eminently suc- 
oeaafiil career of Sir 
Josiali Mason, highly 
honourable to himself, 
famishee material for an 
interesting study ; but 
the crowning glory of liis 
life and character Is to be 
found less in his success 
than in the results^ per- 
sonal tohimself, that have 
proceeded from it, in the 
enlightened munificence 
and exalted charity he 
displayed in the appli- 
cation of his wealth. 

Sir Josiah Mason mmh a very notoble contribu- 
tion to the solution of the problem — how a man 
may beet dispose of his accumulated wealth for the 
benefit of survivors and [lostcrity. The harflshi[>H 
of his own early life, and the disadvantages under 
which ho laboured from defective education, or 
rather the want of edii cation, probably gave direc- 
tion to Sir Josiah's benevolence in founding flnd 
endowing an Orphanage, Almshouses, and a 
Scientific College, to be identified with his name, 
and which will prove his monuments in all coming 
generations. 




f 



The Orphamige, near Sir Josiah's residence at 
Erdingtoii, uhnjut five miles to the north-east of 
Birmingham, Is built for the accommodation of .'500 
boys and gh'ls. ^U though a careful and oxiict 
business man, Sir Josiah would not allow any coti- 
sidemtion of coat to interjiose in making the wliole 
HH j)erfect as possible. The co.st was about X60,000, 

It is endowed with land 
and building estates of 
the estimated value of 
^'l^^S^^^^k. i:200,00a. The building 

hits a very picturei^jue 
\iLi\xk imposing apjiear- 
ance. Ttie Oqihanage 
18 HiFinaged by trustees 
: 1 1 \\ Klin ted by the founder ; 
afterwards they t»t[11 l)e 
a|>|K)Uited, subject to 
critaiu conditions pro- 
\ idi^d in the trust-deed, 
by the Town CJouncil of 
Birmingham. Tlie In- 
stitution was opened in 
August, 1869, and, as 
cbfu acteristic of the im- 
fibtruaive founder, with- 
^^^^^ out cei-eioony of aixy 
S^^^ kind. 

Sir Josiah, imme- 
diately after the comple- 
tion of the Orphanage, 
entered upon the elabo- 
ration of his other and 
greater philanthropic 
project — the Scientific 
College, for thorough 
syHtcioiatic scientific in- 
struction, specially adap 
ted to the jiractical, 
mechanic^d, and artisdo 
requirements of the dis- 
trict. Tlie founder provider by the tnist-deed that 
the currievdum must include the following : — Matlie- 
matic8,ubstract and applied ; phyKics and chemistry, 
experimental and tlieoretical ; pi*actical and theore- 
tical engineering ; natural sciences, esi>ecially geo- 
logy and rainei-alogy, with their application to mines 
and metallurgy ; botany and zoology, with specisd ap- 
plication to manufactures ; physiology, with special 
reference to the laws of health ; English, French, 
and German languages. The trustees may include 
such other subjects as they may think necessary to a 
course of thorough systematic scientific instruction ; 
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and, recognising that no scientific education can be 
complete without the power of using language for 
exact and clear formulation and communication of 
ideas, or without that breadth of culture obtained 
by literary study, the trustees have wisely added a 
complete Arts department to the college. Six 
trustees were appointed by the founder, and here- 
after the Town Council of Birmingham will have 
power to appoint other five. They must be laymen 
and Protestants, but no religious test is to be im- 
posed upon the principal, vice-principal, professors, 
or teachers. The property dedicated in perpetuity 
by Sir Josiah Mason for the estabHshment and 
endowment of the Orphanage and the Scientific 
College could hardly be less than £300,000. 

Sir Josiah Mason closed a long and busy life in 
June, 1881. He was a man whom his fellow- 
townsmen held in the highest esteem, but his 
diffidence made him shrink from the acceptance of 
any public manifestation of such regard. On the 
occasion of the opening of the Orphanage, he was 
requested to sit for his portrait to be painted by a 
first-rate artist at the public expense. To silence 
respectful importunity, he gave a reluctant consent, 
which he afterwards, on reflection, withdrew. The 
well-earned honour of knighthood was one that he 



accepted, but neither desired nor sought. Although 
full of anecdote, and highly interesting in his con- 
versation in private, he used in public the "eloquence 
of silence.'' He was an illustration of the saying, 
that "modest men are dumb;" but, withal, his 
modesty was " a candle to his merit" He was little 
known in connection with public afiairs, and avoided 
acceptance of honourable offices that were open to^ 
him. On one occasion, at least, he departed from 
what seemed to be a rule of life with him. In 1866, 
when the disastrous failure of the Birmingham 
Banking Company occurred, he was earnestly 
assured that his acceptance of the post of chairman 
of the new company would render essential service 
to the shareholders, and he reluctantly accepted 
office on this representation. 

Sir Josiah Mason was a strict economist in time 
and money, and earned his position by the exercise- 
of such humble but by no means common qualities 
as industry, honesty, and perseverance, and by 
making the best use possible of the faculties with 
which he was endowed, and of his opportunities 
for promoting the welfare and prosperity of himself 
and others. 

The portrait of Sir Josiah Mason is taken from 
a photograph by Mr. H. Penn, of Birmingham. 
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WOBSTEDS AND WOOLLENS: WHAT ARE THEY] — FIRST PAPER 
By Walter S. B. McLaren, M.A., Worsted Spinner. 



THERE are very few persons not engaged in 
some branch of the wool trade who know 
technically what worsteds and woollens really are, 
or what is the difference between them. Among 
the general public there is, no doubt, considerable 
ignorance as to the materials of which things are 
' severally made. It is related that after a party of 
strangers had been taken through a cotton mill, and 
had been shown all the pixxjesses tlirough which the 
cotton passed before the goods were finished, one of 
the number, noticing some bales of the raw material, 
went to them, and taking out a handful of cotton, 
exclaimed, "So this is i-eally the wool just as it 
comes from the sheep's back ! " The difficulty in 
the case of worsted is not, liowever, to know of 
wliat it is made. It may be assumed that most 
persons know it is spun from wool. Yet, so recently 
as 1875, the worsted spinners were astonished to 



receive a circular, signed by Her Majesty's Inspectors 
of Factories, asking, among other questions, ** Do 
you spin worsted, or wooH" It would be un- 
chai-itable to suppose that the gentlemen who 
signed that circular did not know of what worsted 
consisted, and that the correct answer for every^ 
spinner to give would be : — " I spin both : I spir^- 
wool into worsted." Hence the question, as it stood ^^ 
was absuixi. The real meaning, of course, was, " De=^ 
you spin worsted or woollen yam 1 " and thougl ^==^ 
each spinner could tell at once whether he spuc:^ 
worsted or woollen yam, yet if he had been caller:::^ 
upon to define the meaning of the two words, anci^ 
to state the difference between cloths made of th^^ 
two materials, he might not have found it so easy^ 
It can therefore hardly be expected that person^ 
not engaged in the trade should know what woi"ste<f 
really is, and the distinction between it and woollen 
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or cloth. But as it is desirable that the 
flifference should be known, it is necessaiy to 
explain wlmt are the supposed and what are 
the real points of difference bet?ween worsted and 
woollen yarns. 

It is popularly said that worsted is made of long 
wool which is combed ; and that woollen yam is 
made of short wool which is carded. As the pro- 
eessee of combing and caixling must be frequently 
mentioned in any account of woreted and wuollen 
yarn sj)inning, it ia requisite to detine briefly 
what they are. The wool u{>on a sht?ep'8 back is 
more or less matteil, and the fibres requir*? to be 
septtrateil and prepared for spiiming* Combs and 
e^rds are two kinds of machines used for this pur- 
The card, or carding niHchine, which deiives 

name from the Latin cartJutt^^ a thistle, consists 
of a number of cylinder of various ehses, covered 
with thousands of short w^ii-e pins, which revolve 
Tupidly. The wool h di'awn in between the two 
first cylinders, and is gradually worked forward till 
it corner* out at the other end of the machine, all 
the fibres havmg, in the meantime, been separated 
from each other by the action of the pins on the 
revolving cylindeiu By ibis means all the knots 
and lumps which were m the wool uro 0[>enied; bat 
llie wool does not come olT the caixl with the tibi-es 
Wretched out lengthways, as is the case when it 
n combed. Nor is the very short wool 
from that which is longer ; it all remains 
Qiixed together. When it is desii-ed to separate 
this short wool with the object of obtaining 
H smoother thi^ead (for it must be i'ememl>ei'ed 
that uf»on eveiy sheep long and short wool 
grow togetlier), the comb must be usetL This 
sepamtion is obtained by placing the wool upon 
rows of steel pins arranged in a chele. An the 
circle revolves, the long wool ia tir?it rlmwn off' by a 
jiair of rollei's, and the shoil wool which i^nmins is 
removed in a siniibir way, and kept sepamte. The 
long wool thus drawn off", the fibres of wliich lie 
muoothiy side liy side, is called the " top/' while the 
til)ort wool, or refune, is calletl the "noil." The 
wool, however, needs some preparation before it 
be combed, and tlds preparation consists either 

canting it, as alwve de9cnl>ed, or in jxissing it 
Ihroiigli what are known as ** preparing boxes," 
which will be afterwards alluded to. 

It is supposed, then, that all long wool is combed 
aad spun into worsted, while all short wool is carded 
And spun into wooUen yam : and that in this lies the 
eflsentiAl difference between the two classes of yarns* 
This opmion is endorsed by almost every w*riter u jx)n 



the subject. Nevei'thelesa, it is quite inaccurate at 
the present day, although, no doubt, there was a 
time when it was substantially coiTCct. Even then, 
however, it was an uns^itisfactory definition, on 
account of the vagueness of the terms '* long " and 
♦^shoit," as may l»e seen, for example, in Dr. Ui^'s 
descrijition of these two kinds of wool. In his 
** Bictioimry of Mantifactures,** he says that long 
wool varies from 3 to 8 inches, while shoi*t 
wool is seldom longer than 3 or 4 inches. At the 
present time, however, combing wool for worsteds 
varies from less than 2 inches to raoi^ than 20 
inches in lengtb, while carding wool for wtxjllens 
varies fi*oni what may be sjiid to be no length at all 
up to about 5 inches. Thus, for example^ a large 
quajitity of Austndifui or ** Botany ** wool is combed, 
in wliich a eonsidenil>le pro]K>rtion of the fibres in 
the *' top " (or ball of conibe<l woi.)l) are not more 
thiin an inch long, while in the ^' noil " (or refuse 
of short Tvool) the fibres ai'e of course still sliorter. 
In niiugli woollen clotlis, on tbe other band, made 
of Cheviot and half-bi*etl woolt*. tbe lilires are 
often 5 inches long. It is clear, therefoi'e, that the 
distinction between 'woi'steds and woollens depend- 
ing on the length of the tibi-e is no longer tenable. 
Nor is the distinction that the one is cotnbed and 
the other caiHle<l ssitisfactory. All woollen yarns 
are caixied, or, to use another name, ** scribbled/' but 
a very large proportion of woi'sted yarns ai*e also 
cardetl, TLere may be said to be tlu*ee main classes 
of worsted yarns, which, however, to some extent 
overbtfi each other. Lfitely, a fouilh class has been 
invented, which m of a curious character. The tirsfe 
class is com|iosed chietiy of long English wool, which 
is combe<l after having passed through what ai^ 
known as " preparing boxes." Of the second class, 
yarn made of Botany wool may be considei*ed 
I'epresentiitive, for the wool is short, and is fii*st 
cai-ded an<l then combed. Cari>et yarns and coai-se 
Jiiujerinfj or knitting yams conqMise tht* tliiiM:l class, 
and are made of wool of various lengths, which ia 
carded without being combed afterwaiils. We have 
seen wool more than a foot long useil in this way 
without much detriment. The fourth claims ia known 
as kidckerbocker yarn, and is made of wool mixed 
witli silk noil, or waste. To make it, the wool 
is first coml>ed by itself, and afterwards carde<l, to 
insure the thorough distribution of the silk noil, 
which stands out in small lum}:« and knots on the 
sui*face of the yani. These diffierent ch\sses cannot 
always be kept distinct Tlie top of corubed 
English wool may be mixetl with a top of carded 
Botany to give it a finer quality; or the carded 
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cai'pet yam may have in it some combed wool to 
make it more lovt;!, and other combinationH may 
be made ; but the idea that worsted yarn must be 
combed) and that only Bhoi-t wool can be carded, is 

entirely erroneoiLs ; and a more accui^te distinction 
between worsted and woollen yarns must be found. 

By some persons it is 8np|X)sed that thm distinction 
lies in the spinning -frame : woollen yarn being spun 
upon the ** m^ile," and woi'sted mjon the " throstle." 
The chief characteristic of the latter spinning- 
frame is that the yam b twisted and woimd upon a 
bobbin m fast as it is delivered by the pair of rollers 
which draw it out ; and as this |»air of i-oUera revolve 
constantly while tlie s]tinmng-fmme is in motion, 
the ]>nnciple of the ** throstle *' fnime is known m 
** continuous drafting." The characteristic of tlie 
mule spinning -frame^ on the 
other hand, is that the thi'ead 
is drawn out by the rollers for 
about two yards before it is 
wound on to the bobbin, being 
kept Htret<:heil out hj means of 
the spindle and bobbin on which 
it is to be wound travelling 
away &*om the rollers on a 
"carriage." Wlien the '< car- 
riage " has gone the full length 
of its journey, the drawing-out 
rollers stop and allow the yam 
to Ije twisted an nuich as may 
be necessary, after which it is 
wound on to the Ixibbin m the 
cai-riage again travels to the 
rollera. In consequence of this stoppage of the 
rollers, the drafting, or (biiwing out of the yam, is 
not continuous. It is believed that this mode of 
spinning is most suitable for woollen yam, while 
the principle of continuous dnifting is most snitable 
for worsted. But this, too, is a mistake. Woollen 
yarn has, we believe, Ijeen spun on the mule since 
that machine was invented ; but a spinning-frame 
u[jon the throstle principle of oontijmous drafting 
has recently been made which is said to be suitable 
for woollen yam. 

Woi-sted, however, is spun ufx)n Wth the throstle 
tiie mule : the latter frame being almost exclu- 
ively in use on tlie Continent, where it is found to 
be suitable for spinning coral>ed as well as carded 
wool. As this distinction, therefore, b untenable, 
we turn to another, which is genemlly believed to 
be correct— viz., tliat wtxtlk^n fabrics ai-e **ftUled," 
or milled, or feUeil, whili- thcwo uuwle of worated 
are not. Tliis is still an unsulistii4:tor)' definition, 
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because it deals with the cloth, whtSMM it 
obWous that whatever difference there may bd 
must exist in the yam, seeing that both sorts of 
yam can be woven in the same way. Apart, how- 
ever, fi-om this objection, which is fatal, the defi- 
nition is not exlmustive. There are, we belie ve^ 
some wooIioD cloths which are not milled, bat 
merely scom'ed to remove the oil that" has been 
used to help the spinjiing. On the other hand, 
there are worsted fabrics (such as clotlis for coats), 
some of which are milled to give them greater softp 
nes& Thei^ are also mixtures, of which the warp 
may be woi^sted and the weft woollen, and ih«a& 
may or may not be milled. But though this defi- 
nition is even more unsatisfactory than those 
p!pvii)ualy considered, it is in connection with it, 
although indirectly^ that the 
solution of the problem is ta 
be found. 

The difference between wan- 
ted and woollen de]>ends on the 
arrangement of the fibres in the 
thread, and this indirectly de- 
IH-nds upon the general belief 
tiiat the fibres airanged in odie 
way are less suited for felting 
than if they ai^e arranged in 
another; but whether this belief 
bus any justification in fact is 
doubted by some persons. To 
make this clear it is neceaaaiy 
to state briefly what felting or 
milling is, and what proper^ 
wool possesses which allows it to be felted. When 
a piece of cloth is woven, each thread of warp and 
weft can be distinguished, if not by the nakod eyo> 
by the aid of a magnifying gkas. This gives tJic 
cloth a somewhat bare look, and if the wool of 
which tht* yaiTi is made be very short, the cloth is 
comparfttively weak. In oei-tiiin cloths it is de- 
SLiiibie to avoid this, and to make the stuff lata 
one com 1 met piece. For this purjxjse the clot}« ti 
put into water and iKamde<l with hu'ge ham men of 
wood, called •* stocks/* or it is passed throiigii 
roUei^ under a heavy weight. By these tneans Uw 
filiiTH of wool shrink and are dmwn cloAor to each 
otluT. They become matted and loekerl fjwf, in 
eacli other. The original form of the cloth is lost, 
and the so|mrate threads can no lot^ger bo seen. 
Instead of a jjieee of cloth siuuhir to that whidi 
was put in, thei-e comeH out from the stockn (if tJie 
felting hfis been continued long enough) a pioco 
apparently quite diflex-ent It has lost in length 
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and breadth, but has gained in tbickness, and now 
appears a matted, solid piece of woollen niuft. 
WhJtt IB it in wool which permits this operation? 
If hair were to be woven tmd milled under the 
8tc»ckB^ it would not felt or mat together in the 
same way, or only to a veiy slight extent- The 
diJTerenoe between hair and wool is that a hair has 
jfc^BUiooth surface, comparatively free from jagged 
or aerratures of any size, and lies straight j 
while a fibre of wool is more or leas waved, and is 



ai'e required to make wool felt in addition to its 
sernvted surface. Among these are Cape of Good 
Hope, Odessa, and Buenos Ayres wools. The first 
named is tine in quaUty and has a very lai-ge 
number of sen'atui'es ; yet it is found to bo, of all 
wools, perhaps the most difficult to felt. Odessa 
wool, which is also well serrated, can hardly be 
felted unless mixed with wool from other ctiuntries ; 
and the sjime may lie said of that frotu Buenos 
Ayres. Peruvian wool, on the other hand, which is 
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0) aoi Worwttsd BUbd« of Flae Wool ; (>) aonikeltt WooUen lutKle nf Fine Wool ; (3) 3Cm Worfttca nuide of Strong Wool ; (t) SNiltef n WooUen 

wftdo of Clicvloi Wtxnl,* 



with aerratures. A fibn^ of wut^l, in fact, 
may be likened to a serpent's akin or to a fir-cone 
OOvered with scales. The serratures, or saw-like 
teeth^ peprefl4>nting these seniles, overlap each other^ 
and present innumendile little [>c»int«, wliich act as 
hookB. They are extremely small, and in a fibre 
tJitire are said to be from 1,200 to 3,000 (ler 
inch. Wlien wool is sptm, these seiratures to 
some extent fit into or ctitch each other, and hi'lp 
to bind and lock the fibres t-ogether ; consequently, 
oUier things (such a-s length, qimlity, kc.) \ming 
equals wool which hjis many seiTatures will spin 
better than wool wliich has few, 

It is believed that wool with many serratures is 
beat suited for felting, and tliat it is on account of 
Hb jagged and serrated surface that feltuig Ls possible. 
There are, however, some kinds of wool which thmw 
doabt on tins, and show that some other qualities 

• Non. 1 — 4 »re tpedmenii of worateil rihI wooUen yanm, 
iliowing the lUfferetice in the arrangement of th© fibre* in 
Um two rTniufwi of Ihreads. No. 5 ihowa how veiy strftight 
good worvted e«ii be made, and bow evenly the fibreitof wool 
lia, Wiontod » aitmbered accord itig to the number of hu^ 
<= 660 7«rdi) in a pound. Thus in 308 there an 30 hanks 
of 600 jwik e«eli to a pound. 



stronger and longer, and not so well seiTated, 
appears to be especially easy to felt. Hence it 
may be considered certain that the serrated surface 
alone is not enough to give wool its pro[>erty of 
felting. What the other requisites 
are cannot be stated with cer- 
tainty. It is supposed that the 
country^ the climate, the nature 
of the soil, aiid the f«XKl of the 
sheep, affect the wool, and make 
it more or less suited for felting. 
But l)eyond these somewhat vtigne 
HuiTuises, nothing is positively 
known. Persons engaged in the 
trade are contejit to know that 
some wools can be felted better 
than others, without inquiring 
into the i-eason of the difference. 
No thorough scientific investiga- 
tion has hitherto been made into 
the nature of various classes of 3«i Ltwt» Woratftd. 
wool ; but it may be hoped » as 
technical schools for instruction in tejEtik industries 
have been founded, that some definite information 
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will be obtained on this subject. It may be said, 
however, that as a rule fine wool is best suited for 
felting, because strong wool seems to partake more 
of the nature of hair — ^the strongest sort of all, 
that which grows on the hind quarters of badly- 
bred sheep, being known technically as " cow-tail." 
Nevertheless, all wool can be felted to some 
extent; and as it is almost invariably intended 
that woollen cloth should undergo that operation, 
it is necessary to prepare and spin the yam in 
such a way that felting may be facilitated ; and 
in consequence of the shrinking and matting of 
the cloth which thereby take place, any slight 
imperfections, such as imevenness, are not easily 
seen. 

But in worsted fabrics it is different. They are 
not intended to be felted, except in the case of some 
worsted coatings, and even then only very slightly. 
It is, therefore, of the highest importance, except 
in the knickerbocker variety, that the yam should 
be level, smooth, and free from lumps of any kind. 
To attain this end how must the fibres be arranged] 
To have a level thread, and a smooth surface on 
the worsted fabric, all the fibres of wool must lie 
in the same direction in the yam. That is the 
essential characteristic of a worsted thread. If the 
fibres are doubled up, or crossed, or tumbled about 
in any way, it is impossible to have a really even 
thread. To insure this levelness it is necessary in 
the finer yams to remove, by means of combing, 
all the very short fibres, and the little knots and 
lumps which are inseparable from them. In the 
coarser sorts, such as carpet yarns, where this high 
degree of excellence is not needed, and where it is 
necessary to have a soft bulky yam, it is not desimble 
to remove the short fibres by combing ; but yet the 
wool is put through certain processes to insure that, 
as far as possible, the fibres shall all lie in one direc- 
tion. Now, compare this with a woollen thread. In 
it, instead of l3ring smoothly and having a regular 
twist to bind them together, the fibres are crossed 
and doubled in every direction. The thread is con- 
sequently somewhat rough, and many loose fibres 
seem to stand out from it These are of great use 
in assisting the felting of the cloth, as they lay hold 
of each other, and knit the different threads into 
one piece. The beauty of worsted is to have as few 



of these loose fibres as possible, and, at the same 
time, to have a round, level thread, because the 
thread is seen in the woven fabric. On the other 
hand, as the woollen cloth is generally intended 
to be felted or milled, the fibres must be arranged 
in such a way as to assist that operation ; and it is 
supposed that when the fibres of wool lie in all pos- 
sible directions in the thread, and when many of 
them stand out from the surface of it, their serrated 
surfaces are more exposed than when they are 
smoothly stretched out in parallel lines. In other 
words, by this rough arrangement of the fibres, they 
get hold of each other better, and lap round each 
other more firmly in the felting. 

It must not, however, be supposed that it 
is the felting or milling which entitles a par- 
ticular yam or cloth to be called woollen. A 
woollen cloth is made of woollen yam, whether it be 
milled or not; and similarly a worsted cloth is made 
of worsted yam, however much it may be milled. 
If it were considered necessary — which it never is 
— to mill fabrics of which both the warp and weft 
were spun from wool 15 or 18 inches long, it could 
be done. In the same way, too, any fabric made of 
mohair could be milled, for mohair is a wool rather 
than a hair, as its name seems to imply. The 
word mohaii* evidently comes from the same source 
as its equivalents in French, Geraian, and Russian, 
ynoire, mohr, and ftwr; and Ls, according to the ety- 
mologist Skinner — not a very good authority, how- 
ever — derived " ab orientale voce * moiacar * species 
cameloti" [from the Eastern word moiacar, a kind 
of camelote, a cloth originally made of camel's hair]. 
There are, of course, worsted goods which are partly 
made of cotton or silk, or even China grass, but 
of these it is not necessary to speak at j)re8ent 
They ai-e usually called worsted, in spite of their 
mixture, not on account of it ; and they prove, for 
the present argument, that any attempt to define 
the difference between worsted and wooUon in the 
cloth instead of in the yam would be unsatisfactoir. 
To understand the difference between the two clsaees 
of yam, it is necessary to have some idea rf 
the way in which each is made^ and it will then be 
seen that it is according to the manner in which the 
fibres are arranged that a thread is known tf 
worsted or woollen. 
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THE use of wrought iron for coostructioual 
purpoees may be said to date fmru the years 
1783-84, when Cort introduced hispiitent processes 
for puddling iind i"olling iroiL By these simple but 
orijjiiml devices, the manufacturer was endowed 
with the power of producing ii-oii plates of vanoiis 
sizes and thickuesaes, as well m btirs of varied aec- 
tionol fonna Until the perio<l named, Immmerhitj 
waa the only process by wLich wrought iron could 
be ahai>etl from the mugh mass into jjlutes and l>ai*s; 
and as a consec|uence, the roatei-hU wujs but little 
used Sir William Fairbaim, speaking of the 
cbiuiges resulting ivom Cort's inventionii, Sixid : — 
** When Watt was engaged vdih his steam engine, 
the only material at his command for his boiler, in 
which to generate steam, was hammered coi)j»er 
plates or «ist iron ; hammered iron plates wei-e 
oeca&ionally made, l>ut seldom usetl, ami it was not 
until the introduction of rolls tbit anything in the 
shape of iron plates could be obtained." It may be 
saftdy sitid, therefore, tliat the sulxsequent develop- 
mental of the steam engine, of iron shij* building, of 
bodges, railways, and other structui^s in which 
wrought iron is largely used, have been rendered 
possible by the practical eflVct given to the inven- 
tion originated by Ooit, And it is to be regretted 
that a man to whom Great Britain and the world 
St lai^ are so deeply indebted ahotild have reaped 
so little personal advantage from his inventions. 

Engineers were the tii*st to make extensive use of 
rolled iron plates, in the constniction of steam 
boilers. So early as the year 1786 such boilers 
were built ; and in the following year there is a 
record of the existence of an imn canal boat — the 
first iron vessel of which any account is extant. 
Hiis boat arrived at Birmingham with a cargo of 
shout 23 tons of iron, her own weight behig 8 
tons. She wa.s 70 feet long and 6 j feet wide ; was 
built of iron plates y'^ths of an inch thick, and had 
^wc»oden stem, stem-post, and beams. It is further 

ted that she was ** put togetlier with rivets, like 
QOip|>er or fire-engine boilers," Proliably none of 
the spectators who witnesse+l the arrival of this 
little vesael dreame<l that she was tlie pioneer of a 
new igrsteni of construction, that was to extend to 
all clasaes of shijis, and revolutionise the art of ship 
l>uililing. Yet, so it was, although tlie change did 
not begin to show itself for thirty yeai's, outsidi? the 
si)ecial daas of vessels where it originated. On the 
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canals of Staifoixlshire, iron canal boats were gene 
lully used at the commencement of the present 
century, and their ethciency and durability soon led 
to their employment in other distncts. Some of 
tliese vessels coiitimied at work for thirty or forty 
yeai-s, and a few for even a longer i>enod. One 
most remarkable case is that of the Vulcan^ built 
on the banks of the Monkland Canal, near Glas- 
gow, in 1818, and found to be at work (piite 
recently, after sixty years' service. 

In 1821 it was proposed to extend the use of iron 
hulls to steamei's designed for ser\-ioe on rivers or 
coasts* One of the promoters of this scheme was the 
gallant officer afterwaitls so well kno-wii as Admiral 
Sir Charles Napier, It is a significant fact that tlie 
first iron steamer was constnicted by tlie Hoitiley 
Company, in Staffordshii'e, and not by any ship 
buihier at one of our sea-ports ; iron was evidently 
regaled ed at that time with anything l*ut favour by 
shipwrights, whose training and precedents ex clud«^d 
all other materials but wood. The Aaron Munby 
was 120 feet long, ami 18 feet broad, with engines 
of 80 horse-power. Having been erected at Horsley, 
the Aaron Manbi/ was taken to [jieces and brought 
to London, where she was finally jnit together and 
e<|uipi>€^d. Having Hhip]>ed a cargo of iron and 
linseed, she startetl for Havre, under the command 
of Captain Napier, and afterwai*ds tiscended tlie 
Seine to Paris, where lier amval caused a gi-eat 
sensation. Her success let! to the construction, in 
France, of other iix>n steamers, which, with the 
Aftron Mnnhtj^ were employed on the Seine. Al- 
though the Aanm Mfinbij crosseil the Channel, she 
was not intended for sea-going purposes, and was 
essentially a river steamer. This was true also of 
the next ii*on steamer built in England, for semoe 
on the river Shannon. Designed and fitted togetlier 
at Horsley, she wils taken, in pieces, to Livei-pool 
and there completed, crossing the Irish Channel and 
pi^oceeding to her destination in 1 825. This vessel 
was the [»ioneer of another flotilla, and she renmined 
at work for a verj* long fieriod — moro than thirty 
yeai^ One of her suecesaors on t!ie Shannon had the 
honour of being the first iron vessel wholly built at 
Liver|K>ol : 1829 was the date of her construction, 
and it is worth notice, as fixing the period when 
ii-on ship building pro])erly so called began to be 
practiseci in English sea-ports. From that time 
onward, the progress of the new industiy haa bee*^ 
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continuous and grttJually accelerated ; until at the 
prt?sent time we find it almost displacing woocl sliii) 
building in the United Kingdom, making iiu'oadjs 
upon wood eUewhei-e, and only holding a sub- 
ordinate place in countries which, like Canada, ai'e 
rich in timber, but have their ii'on manufacture 
imperfectly develo^xHl. 

In 1830, the kte Sir William Fairbaim first 
turned his attention to the constniction of iron 
yeeaels, with special refei*ence to the design of 
canal boats of high speeds that should compete with 
the railways then about to be undeiiaken. Four 
such vessels were built at Manchester for service on 
the Forth and Clyde Canal, and some of these, after 
j>as8ing through the canid from ^lanehester to 
Liveri>ool, mtide the passage to Gi'eenock. A coastr 
ing steamer was also b^iilt at the Manchester work'?, 
in 1831 ; and the 
success of these 
undertakings in» 
duced Fairbaim 
to enter business 
as a ship builder. 
Selecting London 
as the seat of his 
new enterprise, ho 
established a yard 
at Milhvally in 
1835, and con- 
tinued at work 

there for thirteen ^ 

years, buikling ^^^ ,^„^^ 

more than a hun- 
dred vessels, some of wliich were of large size. 
The ill-fated Me^ctra, whone loss formed the sul> 
ject of inquiry by a Royal Commisiiion in 1872, 
was one of the largest vessels built by Fairbaim ; 
but the undertaking did not prove commercially 
succesHfid, and was almndonetl It should Ije a<kle<l 
that although not remaining personally engage*! in 
ship building, Fairbaim continued to the last to 
watch and aid its developments : Ids experimental 
investigations and nuineTOus suggestions ai-e still of 
great value to the iron ship builder, and his name 
will always be held in honour. Combining, as he 
did, the pixjfessions of civil engineer and ship builder, 
Fairbaim ma<le Ids experience in the one available 
for impnivemcnts in the practice of the other. For 
exjiuiple, the experiments which preceded the con* 
struction of the Britannia Tubular Bridge, were 
intrusted by Mr. Ri>lM>rt StepheiiHon to Fairbaim, 
partly liecause of Ids acipiaintance with iron ship 
building, and his [.loaaession of special pknt ; but 
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from those experiments have been derived some \ 
the most valuable priiicijiles since embodie*! in lb 
structures of iron ships, llie **ceUuhtr dgubl| 
bottom,*' as a source of strength and safety to 
ships, is a direct deduction from wrought-ir 
britlge conHtrnction ; and methods of riveting di 
vised for bridges have^ with some modification 
been of advantage to iron ships. 

About the same time that Fairbaim comme 

work, another famous ship-building fino waa st 

at Liverpool — that of the Messrs, Laird. One of 

tlieir earlier vessels had the honour of beinj^ the 

fii-st ii*on steamer that accomijlished a long sea 

voyage. She was named the Elhurhth^ and wa» 

only 70 feet long, 13 feet broad, and 6 J feet dee|^H 

Her skin was formed of plates only ^th and jth ^^ 

an inch in thickness, and she weighed about \h 

^ tons, exclusive 

her enginee 

outfit. Her 

gines were of 

horse -power, and 

her dniught of 

water only 3| ft 

It was, no doQl 

a dariii- ^ 

to nav«_ 

a vessel i\ 

Liver|X)ol to \h^ 

,^^^^^ Niger, but I 

-^ ^ performed t 

L.....tN." voyage su. 

fiilly, and 
a Imputation for Beaworthiness, After tnaki 
two a^swuts of the Niger, she was benched 
abandoned, having served the purpose for which 
ahe was built Her suceeas, doubtless, did mttch 
to extend the employment of iron 8hi|a cm 
over-^en voyages, which up to that time bad 
l>eiformetl excluaively by wooden ships. 
voyages were then considered impoesibilitieN 
8teameii9, the nphere of whose operations was limi' 
U) rivers or coasting ; but simultaneously, in ] 
})oth of these opinions were shown to lie erronwi 
by the hard logic of facts. In that yeiir Uio Siri 
and Grmt Western steam-ships crossed the Athml 
and o[)ened up a trafHc which h^is sinc^t attaii 
gigantic propoi-tions ; while the first iron mi\ 
ship, adapted for the most distant TOyageSr 
launched, and appropriately name<l the /i 
By this time it was generally acknowledge 
imn ships could bo Iniilt with sufficient 
withstand any weather ; but wliile their 
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nesa was admitted, there remamed the very serioua 
objection of the deviiition of their compasBes^ — an 
objection which would have been fatal to the 
general employment of iron vessels, had not maana 
been devised for correcting the compjLssen, and 
insuring aafe navigation. Of the raanj workers in 
this inniortant field, we can only name one of 
the earliest and most eminent — Sir George Aiiy, 
the Astronomer Royal, who not merely corrected 
the comjwsses of the IromUts^ but devised a 
eimple and inexpen^ve method applicable to all 
iron ships. Conijiaas correction has now grown 
so much a matter of course, that it may astonish 
some readers to learn that only fifty ye-ara ago 
the subject was i-egarded as one presenting in- 
8U[)erabk^ difficulties, and preventing the possible 
em|)loyment of in^n wljipa on distant voyages, Otses 
have, undoubtedly, happened in which eiiisrs of the 
compass have been the cause of danger or disaster, 
but they are comparatively few and far between. 
Intelligence on the pai-t of the officers of iron ships, 
and profier care on the part of those charged with 
atljnsting the compaases before a ship lea\'es i>ort, 
ought to render the repetition of such accidents ira- 
pcesible, Tlie most difficult crises to be dealt with 
are those of armoured ships, with great miisses of 
iron bolted on the sides of their iron huJk» and with 
heavy guns, which, when fired, cause a serious 
ttltenition in the compasses ; but even these crises 
are successfully treated by officers charged with 
this duty by the Adniiniity, It would be diffi- 
cult to point to any case where science has been 
of moi-e direct benefit to practice than that which 
has just been under our consideration* 

Iron ship building had become well estaV 
1 1 shed in other port^ besides Liverpool and 
Lontlon, by the time the Jrojimdea was built, the 
Clyde bein^ a centre of the industry. In the 
yeiu' 183D, a great step In atlvance of all pre- 
ceding shii)8 was, however, taken by beginning 
Bristol the construction of the famous iron 

5Jimei\ the Great Britain, Mr, I, K. Brunei was 
the ])rime mover in this entcrf»riiie, and the impetus 
thus given to the applicfition of sound principles of 
construction to iron ships was most considerable ; it 
is scarcely necessary to add that Mr. Brunei was 
not A ship builder, but a civil engineer. This fact 
mwy have heljied rather than hindered pro^sjesa, for 
as a civil engineer Mr. Bnmel was familiar with 
the uiie of wrought iron in structures, tmd not Vieing 
a miip mnider he was imtrammflled by tniditions 
or prejudices derivefl from the pmctice of buildei^ of 
wood shi|)8. Any one who reviews the structuntl 



arrangements of the earlier iron ships cannot faU to 
remark the close imitation of wood ships in the 
arrangements and forms of the various parts of the 
structure. Many features which were unavoidable 
with wood, but which were very objectionable, as 
well as unnecessary, with ii'on, were retained in tlie 
earlier ships ; and there was frequently a want of 
appreciation of the sui>etior qualities of iron as & 
material for sliip building. The Gr^U Britain was % 
protest against such ser\*ile copying ; and it has b<>en 
well said that '* in the construction of the hull, in- 
stead of a meix? imitation of the arrangements of the 
timber in wooden shij^is, the proper distribution of 
the material to receive the strains that would come 
upon it wuH carefully considered." Remembering 
the date of her constniction, the vessel is indeed 
most remarkable in her structure, as well as her 
dijnensions. She was 3*22 feet long, 51 feet brOftd, 
and of 3,000 tons displacement ; was propelled by a 
screw, had a ^' balanced '" rudder, and surpassed aU 
her competitoi-s in sjjeed, making the passage firom 
Liverpool to New York in the then unprecedented 
time of from 1 2 to 1 3 days. H^t very misfortimw 
8U]>plied weighty argiuuents in favour of the use of 
ii'on hulls ; for no wootlen ship could have sui'vived 
tlie ex|)osui"e to which she was subjected during a 
whole winter ashore in Dundrum Bay, and have 
been repaii^ed at such comjiaratively motlerate ooid 
after she was floated. Her ifpairs were completed 
in 1851, and with unimpaired strength the ship waa 
once more sent to sea, this time on the Australian 
line, where she remained at work for nearly a 
quarter of a centuiy, and obtained a great reputa- 
tion for speed and sea-worthin€*ss. She afterwardi 
hiy in the docks at Birkenhead, and was by no 
means past sen' ice, although over forty years old. 
The impiovemt^nts effected in steamers of mors 
recent construction placed her under unfavourable 
conditions for competition, and probably 
for her non-employment. 

Tlie importance which iron ship building 
attjiint**.! in Great Britain in the year 11^42 is ptj- 
denced by the fact that the French Government 
deemed it advisable to send over an able officer to 
inspect and i^|xirt on the various establisltmentei 
Tliis Re[xu-t, by M, Diiijuy de Lome, gives m 
glimpses of the methods of work then common in 
EngliLiiil, and of the condition of the iron mann- 
facture at that time. London, Liverpool, Glafig*o^. 
aud Bristol whei^ the chief ports vbited. but no 
where was so much of interest to be seen an at the 
last-named port, whore the GrtiU Brlt^iin wim UMt 
in progresii. From tins Repoil a few ikots mij bt 
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illustiuting the differences that have arisen 
during the last thii*ty yeajrs in the means at the 
disposal of the iron ship builder. Large forginga for 
the keelfi, stems, and stem-jiost^ were not then i>n> 
cumble, or were very expensive, and in lieu of them 
combinations of platen were used| such combiim- 
tions being frequently very weak. The ** ribs," or 
ti^ansverae frames, bud to be formed in seveml 
lengths^ wher*'«s the angle bars used for the pur- 
pose can now V>e pivjcure<l in much gi-eater lengths. 
The plates used in the skins were of very small 
dimensions as compareil with tliose now in u»e : 
lengths of 7 or 8 feet, and bi^eudtiiH of 1 1 or 2 feet, 
ware formerly thought considerable ; now it is not 
uncommon to pi^odyce plates 4 and 5 feet biHsad, and 
1*1 or 16 feet long. Deck beams or gird el's were at 
finit made of wood in iron slujm ; when ii"on came 
into use, the beams had to l>e formed by riveting 
m^e bars and plates togeilier, but now the iron 
maniifaeturer gives to the ship builder a choice of so 
nMUiy sectional fonus of iiH^n beams anrj bars, that 
the [»reparatory work of combination is almost en- 
tirely dispensed with in constiiicting decks and 
platforms. In |Mssing judgment upon the skill of 
tha ewly iron ship builders, their inferior appliances 
ftad facilities should tlierefore be always Wrue in 
mind. They mode a good, if not always the liest, 
use of the meAns at hand, and out of their re<^uire- 
ments and suggestions gi-ew most of the impix^ve- 
ments in iix>n manufacture and t^kip-yari] machineiy 
of which the benefits are i-eaped at the present day. 
From the first, as we have shown^ iron ship 
building was closely associated with engineeimg, 
and iron ship yards were furnished i^'itli special 
plant and machinery. A few shiiJ buiWers were 
sufficiently alive to the future of the new material 
as to enter into the earlier com jietit ions with 
engineers such as Fairbairn ; but even these em- 
ployers had to seek their worker iu iron amongst 
the boiler makers, fitters, and other tiiides which 
ha<i sprung up in connection with the construction 
of engines. The sliipmights clung to their ancient 
handicraft, and grjitlually psissed, from being the 
principal tradesmen in ship buililing, to the sub- 
ordinate place they still ocenjiy in private yaitls. 
The traditions of wood slnj>H, however, could not be 
aiiaken off entirely by the buihlers of ii*on ships, 
even when they were engineers. For many cen- 
turies wood ships hatl been built with transverse 
frames or " ribs " within their water-tiglit skins ; 
and with wooden ribs this arrangement was pro- 
bably the best that could Ije made. With an iron 
skin and ribs the cose was very different : yet the 



old transyerse arrangement of framing w^as imitated 
faitlifuily in the earlier iron shij>8| and still snr- 
rives in by far the greatei* nnmljcr of iron ships, 
Eveiy one who has \Tsited an iron ship yanl and 
seen a ship ** in fmrae " on the stocks, must have 
remarked the fact now mentioned. It should, how- 
ever, be added that the continued use of transverse 
libs m iron ships is rather a matter of convenience 
than of tmdition : it does not most fully develope 
the c^|)acities of iron as a constructive material, but 
it answei-s practical purposes well, even in the 
largest ships, and it much facilitates the work of 
building. 

It is unnecessary to trace the history of iron ship 
building iii any detail beyond tlie date of the Great 
Britfima constructiom As the capabilities of the 
muterial have l>eeome letter undei-atood, and its 
manufacture has been develojied, so have the nizes 
and speeds of iron ship l>een increased. The Grefjt 
Biiiaiii sinks almost into insignificance when con- 
trasted! with the Atlantic stearaei>i now at work, 
the largest of which are nearly 500 feet long, while 
their total weight is three times as great as that of 
their pt^ecesson But even these magnificent 
vessels appear small beside the €hmt Ettsteni, 
which in nearly 700 fef*t long, ami exceeds 27^000 
tons in w*eight when fully laden. Different opinions 
may l>e enteiiained as to the Av-Lsdom dLsphiyerl by 
Mr. Bninel in jklnnning such a monster ship, but 
there can be no difference of opinion as to the skill 
with wliieh the Btnictural arrangements were de- 
signed l>y Mr, Brunei, assisted by Mn Scott 
Bussell. The ship must always remain a monu- 
ment of what can be done A%ith iron in the associa- 
tion of lightness with strength, and altliongh her 
design dates fram 1852-3 it suri>asse8 in simplicity 
and efficiency of construction nearly all the large 
mercantile steamei'S of the j>resent day. The struc- 
tures of our armoui^ ships have also been gi*eatly 
influenced by the principles exemplified in the 
Great Eastern ; and it is worthy of re murk that the 
Siime system of construction, with some minor 
modifications, would be exceedingly well adapted 
for use in iteal shi|^ shoidd that material replace 
ii-on, as it H|i|>eai's likely to do. 

Ii-on ship building has made its way in the face of 
much opi>osition ami j>oputiir prejudice. Mr. Scott 
Enssell relates an anec«lote bearing on tins matter, 
which will illustnite a feeling at one time very 
geneml, but now aimor,t non-existent. ** A good 
many yeans ago," he says, ** I happened to con^^erse 
with the chief naval architect of one of our dock- 
yards on the subject of building ships of iron : the 
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answer was characteristic, and I have never for- 
gotten it ; he said with some indignation, ' Don't 
talk to me about iron ships; it's contrary to natv/re, ' " 
The source of this popular en-or is obvious at a 
glance. Iron in the form of single plates or solid 
bars is so heavy that it cannot float ; but if thin 
sheet iron aiwi angle bars are used to make a box it 
will float readily enough, because it excludes water 
from a considerable space ; and it is a fundamental 
law of hydrostatics that a floating body must " dis- 
place " a weight of water equal to its own weight. 
Those- pessons who objected to iron on the ground of 
its heaviness, omitted to notice the fact that many 
kinds of timber are, bulk for bulk, heavier than 
water, asid so will not float any more than solid 
masses of iron. As a matter of fact, the hulls of 



iron ships are actually U^hter than* those of wood 
ships ; so that of two vessels having the same out- 
side form and draught of water, that built of 
iron would carry a considerably greater weight of 
cai^ than the other built of wood. Experience 
shows that to give sufficient strength to a wooden 
hull it must be made nearly as heavy as the burden 
it carries ; whereas, iron hulls often carry cargoes 
twice as heavy as themselves without showing the 
slightest signs of weakness. The gain in favour of 
the carrying power of iron ships is eonsequently 
about one-sixth of the total weight of a ship and her 
lading; and this is not only a most importani 
commercial advantage, but it also k^ps to explain 
what perhaps may have required explanation — ^ihe 
disuse of wood in favour of iron. 



INDUSTRIAL LEGISLATION.— III. 

MR. uobhouse's bill — oastler's appeal. 

Bv James Hendeuson, one op H.M. Supbrintending-Inspectors op Factories. 



ALTHOUGH obtained after a very long and 
arduous struggle, the Factory Act of 1819 
afforded such a small amount of relief to the 
oppressed and suffering factory children, that it did 
little to allay the agitation which the exposure of 
their wretched condition had provoked. The Act 
practically proved inoperative, as it contained no 
provision for compelling witnesses to attend and 
give evidence in the event of a prosecution, nor 
was there any special authority given to an 
executive officer to enforce tins particular law. 
Several attempts were made to improve the Act, 
none of which, however, succeeded, until, in the 
year 1825, Mr. John Cam Hobhouse (afterwards 
Lord Broughton), then member for Westminster, 
introduced a Bill which aimed in the first instance 
at reducing the hours of work of children in cotton 
fiEMTtories to eleven hours a day, and also at 
strengthening the authority of the magistrates 
whose duty it was to enforce it When this measure 
was first introduced, several members of the House 
of Commons expressed their warm approval of it, 
and urged that it ought to be extended so as to 
embrace the children employed in all textile 
factories On the second reading of the Bill, on 
the 16th of May, 1825, its rejection was moved by 
Mr. Hornby, the member for Preston, who main- 
tained that if this additional restriction were to be 



imposed upon the cotton trade, the annual produc- 
tion would be curtailed to the extent of two millions 
and a half sterling. Mr. Hobhouse in his reply 
very appositely remarked that this was not a 
consideration, where the health, the comfort, and 
the happiness of so many children were concerned. 
Among the members who took part in the 
discussion on this occasion was Sir Francis 
Burdett, who contended that the helpless children in 
factories should not be sacrificed to the avarice 
and cupidity of their unfeeling parents, or of those 
by whom their labour was purchased. These 
parents, whatever their right might be to receive 
the profits of their children's labour, had no right 
to sell them. " We heard of slavery abroad,** con- 
tinued Sir Francis, "but, good God! did we ever 
hear of any such instances of over-working as 
had been published with respect to the labour of 
children in the cotton manufactories 1 These 
wretched little beings were in many instances 
employed day after day for more than twelve 
hours at a tima Why, had any man a horse that 
he could think of putting to such toil 1 It was 
shocking to humanity ; and it was still more odious 
when it was considered that these children, if they 
chanced to be overpowered by sleep, were beaten 
by the spinners until they awoke." Moderate as 
Mr. Hobhouse's proposals were, he found it 



INDUSTRIAL LEGISLATION— SHORT TIME MOVEMENT. 



149 



I 



I 



I 



I 



I 



impracticable to carry them, in the teeili of the 
powerful op|jositioti which wiia offered in the 
House of Coinmonij to any farther liiiutniion of 
hornv of work in cotton ftR^totms, On the 31st 
of Marda, therefon.% when t!ie Hotine went int^j 
committee on the Kill, Mn Hoi i house wns con- 
stnuned to ^-ithdraw hiij pi'oposal to I'eatrict the 
houTB of work to eleven |>cr day, and to substituto 
for it one which sanctioned twehu houra* work on 
tbe first five days of the week, and nine horn's on 
Saturday, making a total of sixty -nine hours a 
week for a child of nine yeai-s of age. Tliia was a 
reduction of three horn's a week, an compared with 
the limit fixed by Sir Robert Peel a Aet of 1819 ; 
bat the main object which Mr. Hobhousc^ hail in 
view, was to render that Act really operative, by 
giving magistratea power to comjiel the atUmdancf.^ 
of witneaaes. This he secui-eil, although he had to 
abandon the suggestion to reduce the houj-s of 
work to sixty-six in the week. 

At this distance of time, and with the Liilditional 
knowledge and experience which we have acrjuij-ed 
AS to the most suitable conditions imder which 
fitctory labour can be really sucoeasfully prosecuted, 
the jiersistent opposition offered to such niodemto 
measures as that proposed in 1H25 by Mr. Hob- 
liooBe can haitlly fail to suqirisc and astoniKh ui». 
5fnch of this was due undoubtedly to sheer 
ignorance of the consequences on the paH of the 
general public. And this ignorance is not aur- 
primng, when we bear in mind the character of 
£ome of the medical imd jirofeswional evidence 
which was given befora the seveml committees 
who inqinred into this question, prior to the 
passing of the Act of 1819. Mn Mobhouse made 
aome allusion to this when moving the second 
reading of his Bill of 1825. The o]>iuion of some 
medical gentlemen was relied uj>on aw a proof that 
acventy-two hours' Ial>om* a week was not too 
much for a child of nine years; but the weight 
which was to be attached to such an opinion might 
be judged of from the fact that one of the medical 
witnesses examined against the Bill, when asked 
whether a child could keep standing at its work 
for twenty-tlxree hours continuously without injury 
to itM health, replied that the question wjis one 
of great doubt. Another niedicjil witness denied 
that the irdialing of cotton dunt and fly was in- 
jtmoiiA to heiilth, and on being asked to explain 
whjf answered that the efftM'ts were counter- 
acted by constant expectoration. ** And is not 
^^OUBlailt expectoration injurious to health?" 
Jisked another member of the committee. ** That,'^ 



replieil the witness, "depends upon a variety cf 
facte." 

Si>ecial pleading of this kind, however, a\ ailtxl 
little against the gi-owing conviction thi*oiighoid 
the country that a more efficient check should Ije 
placed upon the abuses wliich^ it was clearly estaih 
lishetl, prevailed in respect to the employment of 
children and young persons in the textile fac- 
ttiiie^ of the United Kingdom. Sir Robert I'eel'a 
xAct of 1819 had effected a ptulial improvement; 
but it was no more than pai-tial. The moi^e 
humane and conBiderate among the cotton manu- 
facfcm'ers fninkly accepted it, and ol>eyed it, hut it 
was notoriotis that by othenj it was shamelei^sl y and 
opeidy violated. Unfortimately, the machinery foi' 
enforcing the law against sudi wilful offendei-s war. 
wholly inadequate. But the men who had Uiken 
the amelioration of the factory children in hand 
were not easily discouraged, and they [wi'scvei'od in 
their noble work It has been estimated that Mr. 
Nathaniel Gould, of Manchester, expended on hi* 
own account some £15^000 on the agittiiiou which 
preceded the |>assing of the Act of 1819. The 
debates on Mr. Hobhouse's Bill, in the session of 
1 825, gave a fresh impetus to the agitation of this 
tpiestion of factory legislation in the cotton manu- 
facturing distncts, more especially in Lanaiidiii^* 
Short time committees were established in the chief 
towns, such as Manchester, Stoctkpoi-t, Bolton, and 
Blackburn. Among iJiose who took an active 
share in this work of organisation was Mr, Philip 
Grant, of >lanchester, who subseriuently published 
a history of the agitation for a ten-hours' Factory 
Bill which has had an extensive circulation. Among 
the factory openitives who wei-e a««oeiate<l witii 
him on the Manchester committee, after the passing 
of Mr. Hobhouse's Act, in 1823, he mentions 
the names of Thomas Foster, John Doherty, James 
Tunier, luid Thomas Daniel It was not alone the 
opposition of certain of the factory ownens that 
these men had at thi.H time to contend agiunst, for 
Mr. Grant acknowledges that among the work- 
l)eople themselves the proi»osal to limit the hours 
of work of the cliildren employed was unpopuhin 
As in the case of the inti'oduction of improved 
machinervj the effect fq^pi^hended from this move* 
ment was, that it would ink^rfei-e with their 
employment and i-educe their eaminga. 

It was about this time that the whole nation was 
engrossed in the interesting and atmorbing question 
of colonial slavery. In the manufacturing districta 
of the North of England^ and especially in York- 
sliire, the subject was debated with an earnestness 
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and an entlmsiaam seldom witnessed. The We^t 
Riding rang with the eloquent denunciations of 
social oppression, bo forcibly expressed by Lord 
Bmughanii and a timely and }x»werful appeal on 
behalf of the factory children was made at this 
juncture by a gentleman who was ultimately in- 
duceil to become one of the most [iromiiient 
leaders in the movement for their emancipation 
and protection — namely, Mr, Richard Oastier, who 
in siihaeqiient yeai*s came to be known among the 
factory opei'atives by the familiar soubriquet of 
•*The Factory King," Mr. Oiistler resided at 
FLsdy Hall, near Huddersfield, and as a matter of 
coui'se was familiar with the social changes which 
wcm being rapidly effecte<l around him by the 
wonderful development and extension of the 
woollen and worsted manufactures* Step by step, 
but somewhat later in the day, these bnmches of 
manufacturing industry were, like the cotton manu- 
facttn-e, being altogether revolutionised by theintro- 
duction of steam power and improved mjichineiy. 
The increase in the productive j)0wer, gi^eat as it 
wa>i, failed to keep pace with the demand for the 
mamifactui'eil goods, and new mills nnd factories 
were nipidly erected in every populous centi-e. 
Tlie processes of the manufacture, particularly in 
the worsted trade, admitted of the employment of 
young cliildren in large numbers with advantage, 
and very soon they were to be found at work in 
thousiincls. At this time, it is to be borne in mind, 
no law existed which in any way reguhited the 
employment of children either in a woollen or a 
worsted mill The ap|>]icatioii of the Factory Acts, 
which had been obtained after so much trouble and 
»git4ition, was limited solely to cotton factones; 
and if even under their protective inHuence such 
abuses could exist as had been established in the 
case of cotton factones, our readers may safely 
conclude that the state of mattei-s was certainly 
no better when childi'en wei'e employed in lai^ 
numbers in the woollen and woi^ted manufac- 
turea* 

It was at this jmicture tliat Mr- Richai'd Oaatler 
appeai-ed on the field ; and in October. 1830, a letter 
with his sigiuiture attadieti waj* published in the 
LeetU Afercurtff which exercised a most remarkable 
iniluence upon the sentiments and opinions of the 
public upon this question. The document, indeed, 
has an historical value, i\& it indicates an entirely 
new and im|iortant dejmrtui'e in th« jniblic agita- 
tion lor factory legislation. We tliink it important, 
thf-refore, to apjjend it t» eximnfo us it appeared in 
the LttJs Mercurp, It wna as follows : — 



YORKSHIRE SLAVEHY. 
To thf Ediion af the *' 7.f«f*/« Mfft'cur^.*' 

" It is ihes prtdiB ol Britain thnt a sUve cauuot exist on h«r ton] 1 1 
nnd if I read tha genius of her constitution aright, I find tkaL 
aUrery is most abhorrent to it—that the air which Britons hrmlh» 
is fr*o— the ground on which thej tr«iwl is ssicred to UJ*«rty.**— Jt»». 
B, W. BamiUim*§ Spwch at lh§ ittHng KM in tke ClolK tf oU for^ 
Scpi. 22iid. 1830. 

Gkktlehen,— No heart roiponded with truer aiH^onts U> 
the soQnds of liberty which were heard in the Leeds ClciUi 
Hall Yard on the 22nd inst. than did mine ; and from iuiit« 
G^iild more smoere and euiiest pray era aims to the throo* 
of llcavtin, that horcHifter ftkvery might ooly be knowit to 
Briiidn in the pages of her hi«ton% One flhade alone 
obscuriKl my pleasurOi arising not from any diflerenoe in 
print iple, but from the w&nt of apphcatton of the general 
print'ijjle to the whole empire. The pious and able J 
t bmipionB of negro Hberty and colonial rights should, if 1 ( 
miatiiko not, have gone farther than they did ; or, perhaps, 
to apeuk mor«? correctly, before they had travelled »o f ar aa> ^ 
the West Indies should at least for a few momenls haf* 
aojoumed m our own immediate Qoighbourhood, and have 
directed tlio attention of thf* meeting to BceiLt« of misery. 
acta of opprcsdon, and victima of slavery^ even on the 
threshold of our homes. 

Lt't truth speak out, appalling aa the atatement may 
appear. The fact ia true. Thousand* oi onr fellow *caf«»tttim 
and fellow-Hubjecta, both male and female, the miaenLble in- 
habitants of u Yorkshire town (Yorkahiro, now repreaent«diii 
Parliament by the giant of Anti-Slavery principles! ftrc at thia 
very moment existing in a state of slavery, more horrid than 
are the victims of that heUish system, ** colomal abivery/ 
These innocent creatures drawl out unpitied their short bat I 
misemble existence in a place faai*>d for its prof^asion oCj 
rehgious zt^ul, whoae inhabitants are ever foremost la pfv-| 
f easing *' temperance/* and '* reformation/* and are striv. 
ing to outrun their neighbours in miaaionary exvrtiwis, 
and would fain send tht^ Bible to the farthest comer of 
the globe — ay, in the very pUee where the anti*al«ivcrT 
fever rage* most furiously, hcT apparent chanty is ni.»t mow 
admired on earth than her rcstl cruelty is abhorred ill 
heaven. The ver)- streets which receive the dropptngi of 
an Anti-Slaverj' Society are cven^ morning wet by the 
tears of innocent victims at the accursed shrine of araiior, 
who are compelled^ not by the cruel whip of the negro tUt ^ 
driver^ but by the dread of the equally appalling thong or 
stmp of the overlookiT, to hasti>n, half-dresaed, but mil huH- 
fed, to those magazines of British infantile fiUvcry— ib( 
worsted mills in the town and noighbourhoo<l of Bradford ! 1 1 

Would that I had a Brougham's eloquence, that I might 
rouse the hearts of the nation, and nuike ever>' Briton iwoar 
" These innocents shall be free ! ** 

Thousands of little children— both male and f««nAlo, bttt 
principftlly female— from seven to fourteen yeart of ag^ 
art? duily compelled to labour from six o'flo^k in Ilk* 
morning till seven in the evening, with ins! 

blush while you retid it— with only thirty ii Mff4 

for eating and recreation. Poor infant* i y* ij^m judwd 
aamfioed at the shrine of avarice, without even Lhi 
aolace of the neg^ slave ; ye are, no more than htt ia, trt* 
agents; ye are compelled to work a» long as tlm npcmm^y 
of your needy parents may roquirt*, or the ciold>h 
avarice of your worse than barbarian mAiA»3T3 may deoiand ! j 
ye live in the boasted land of freetlorn, and feel, nfid moum I 
thai ye are slaves, and akirea without tli* only oonfartl 
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^hica the negro luis. He knows tlmt it i« his sordid, 
mercenATy master's intcretit that lie should live— 1>e strong 
juid hailthjr ; not so with you. You arc doomed to Itibour 
from moruing- to night for one who cares not how soon 
your weak iind tender frames are stretched to breaking ! 

You are not m^cif tilly yolued at so much per head 1 thia 
would assnre you &t least, even with the worst and most 
L Iiutst«r8| of the mercy shown to their own liibounng 

No, no! your soft and delicate limba are tired, 

and fagged, and j Bided, at only bo much per week ; and when 
yonr jointa can act no longer, your emaciated frames aro 
csat B«ide, the boards on which you kttdy toiled and wasted 
IHe away are instantly supplied with other victims, wbo» in 
tMi boasted land of liberty, are hired — not sold — as slaves, 
and daily forced to hear that thoy are free. Oh, Duucombe I 
thou hatest slavery— I know thou dost resolve that York- 
shire children shall no more be slaves. And Morpeth! 
who justly glories in the ChristiAn ffiith. Oh, Morpeth! 
listen to the cries and count the tears of thiise poor babes, 
mad kft St. Stephen's hear thee swo&r they shall no longer 
groim in slaven' I And Bethel, too I who swear* st etemjil 
hatred to the name of slave, whene'er thy imtuly voice is 
heard in Britiiin's semite, assert the rights and liberty of 
Yorkshire youths. And Brougham! thou who art the 
cKoac^ c-hariipion of liberty in every clime, oh, bend thy 
^pant's mind and listen to the sorrowing accent* of these 
Yorkshire Uttie onefl, and note their tears; then lot 
voice rehettTM their woes, and touch the *^hord thou 
holdesi — the chord that sounds above the silvery notes 



in place of heavenly liberty, and, down descending at thy 
will, groans in homd caverns of the deep, in muttering 
sounds of ini.*ery accurHt'd to hf^llish bondage ; and as thou 
soundest thesis notes, let Yorkshire swear, " Here children 
ghall be free ! " Yes, all ye four protectors of our right*, 
chosen by freemen to destroy Oppression's rod — 

Vow ooe by one* vow nlto^tber, tow, 
With bdort &nd voice etertud etunity 
AijF&ixLHt oppreraiou by jour brethren's hasdif 
Till man, nor womim, «»der Britain's lawa, 
Nor son, nor daog^hter, bom within her empirs. 
Shall buy, or e«ll, or hire» or be a ilaTo, 

The nation is now most resolutely determined that 
negn:«8 shall be fn^. T-ii^t them, however, not forget that 
Britons should have common rights with Afric^s sons. 

The T^lacks may bo fairly compared to beasts of burden 
kept for their mjiwter*s use ; th*j whites to those which others 
keep and let for hire. If I have succeeded in calling the 
attention of your readers to the horrid and abominable 
system on which the worsted miUa in and near Bradford are 
conducted, I have done some good. Why should not 
children working in them be protected by legislative enacts 
ments, as well ii* those who work in totton mills ? Chriittians 
should feel and act for those Christ so eminently loved, and 
declared that '* of such is the Kingdom of Heaven." 
I remain, yours, &c,, 

KiCHAHD OiLSTLEB. 

Jijf/y Half, nr^r Hudfiertfifldy 
SepUmkr 29, 1830. 
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THE STORY OF AKKWRIOHT's LIFE (canclitded) — THE INVENTIONS OP THOMAS HIGHS. 
By Davip Bkemneji, Altmor of ** Thb Industries op Scx)TLanii." 



MANY obstacles, m we have seen, were tbmwu 
ill Arkwright*s way in working out his ideas 
antl laTing the foiimiatiou of the factory systc^oi. 
His ttiiJl at Cromfoitl was an object of much aver- 
sion to the manufacturers of Lancaahii-e ; and when 
tJie powers of the macliinery he htid devisetl for it 
became known, no pains were spared to enish the 
inventor. In dm wing up his sjit'ciiiciitioiis, Aj-k- 
wri^lit Jeft eeveral loopholes, which enabled his 
opponents to dispute bis patent rigbtj* 8ucces«fully 
on two occasions. *' The most extraofdinary ]>ieee of 
nudevolence/* says Dr. Ui^ (one of the most friendly 
of Ark Wright's biograpberH), in his " History of 
the Factory System," " which, if not well attested* 
wouJd be incredible, was the manuf^icturers of 
Lancashire combinini^ not to biiy Arkwri^ditsyam, 
though it was acknowledged to be su|>erior in quality 
to any in the market.'' His best servants wei-e 
bribed to leave his employment, and a mill which 
h/& had built at Birkacre wa^ liurned by iiicendiiiries» 
«€!(iiigy it was allied, under tbe iustiatctious of the 



dififtffecte*! cotton manufactui-ers of the district 
After tbe first tiial of his patent, in 1781, wliich 
i*esidted iu its being set aside on the ground of 
obscurity and defectiveness in the specification, 
Arkwrigbt pubfclietl bis "Case,** in wliich his 
object was to set himself right in the eyes of tbe 
unprejudiced public. An extract fi-oni that docu- 
ment will show the spirit of tbe time with which 
the inventor had to contend :—'' No sooner wei*e 
the merits of Mr. Arkwrigbt*s invention fully 
understood, from tlie gi-eat increase of mftt-erial 
produced in a given time, and the superior quality 
of the goods manufactured ; no sooner was it known 
that his assiduity and great mechanical nbilitiea 
were rewarded witli success, than the very mt^n 
who bad before treated him with contempt and 
derihion began to device means to rob him of hia 
iirventions, and profit by his ingenuity. Every 
attempt tliat cunning could suggest for this purpose 
wiis muile^ l>y the seduction of Ins servants and 
workmen (whom he had with great labour taught 
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the business). A knowleflge of his madiinery and 
inventions vviusf fully jk^iirie^L From thai time many 
persons lH.*gan tx> pilfer sometlii ug from liini ; imil 
tlien Uy adtlitig sotnething else of their own, and by 
Cfilliiif; siriitlar proiluctionfi and raacliines hy otliur 
nameft» they lioijed to sci-een ilionisolves fi'otn punish- 
ment 80 nmny of those artful and designing 
individuals hatl, at length, infringed on his [witent 
right, that he found it necessary to prosecute sevend ; 
hut it was not without great difficulty anil consitler- 
able exjK?nse that ht* was able to make any proof 
against them ; conscious tlait tlieir comlnct was un- 
jiifitifialde, their proceedings were conducted with 
the utmost caution and secrecy. Many of the per- 
Bonii emj»loyetl by them were sworn to secrecy, and 
their buiMtngs and 
workshops were 
eked up or otherwise 
hK Tliis neces- 
8aiy |n'oce<Hling of 
Mr. Arkwright occa- 
sionetl, as in the case 
of poor Ilargreaviis, 
an assix'intion against 
him of the very per- 
sons whom he had 
served and ol»ligc<l. 
Formidable, liowever, 
as it Mas, Mr Ark- 
Wright perscvertid, 
trusting that he 
should obttiin, in the 
event, that «ati.^fac- 
tion to which he 
apj>eaiW to be justly 
entitled. A trial in 

Westmiiist^T Hali, in July last [1781], at a large 
expense, was the consequence; when, solely by 
not clescribing ho Ailly and accurately the natuix^ 
of bis hist coiiiph^x machinery, as was strictly by 
law requii*ed. a verdict was found against him.'' 
At that time the i^pital investe+l in factories in 
which Ark-v^xight's uaachinery was used was 
X2<M),<)iHI; anil the number of persons employed 
was 5,000. The result of this adverse verdict 
induced ArkwTight to abandon eight other a+iions 
which bo had entered against jX!rsons who in- 
fringed what be l>elieved to be his rights, and to 
foivgo, for a time, at least, the advantages which 
he bo|)cd ho had secured by bis second jiatent. 
By tlje Wginning of the year 1785 he had, 
bowf'vei*. obtained stich a weight of testimony by 
<x>mjH<ten( pc»rm>n8 to tlie justice of his claims, and 
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the sufhciency of his si)eeification, that bet was lej 
to take fresh proceedings to secure the fniits of his 
ingenuity and enterpiise. A triid in February of 
the year mentionetJ resulted in a verdict in his 
favour, and once more his mono]ioly was secured to 
him. 

He was not destined to enjoy it long, however^ 
for immtsJiately aftrr the favouriible veixlict 
jtosscMj, the cotton spinners of Lancashire applied for 
and obtiiinwl a writ of nclrt* facitis to try the validity 
of the patent. The trial t<«3k pha-e in June of the 
Rjirue yijJir, ami excited much interest. Counisel for 
the Grown opfK>sed tlie pat-ent on four grounds — 
1st, tliat it was a great inconvenience to the puhEc ; 
2iid, that it was not a new invention at the time 

of the patent being 
granted ; 3rd, that it | 
was not a new inven- 
tion by Mr. Ark- 
wright at all ; and 
4th, tlr.it he bad not , 
diBclose^l hia inven* 
iion in the specifios- 
tion. Evidence was 
led to allow that 
several of tlie im- 
]>rovementa ixi tb^ 
carding machine 
claimed by Arkwright 
were the inpention of | 
other |>ersons, and 
also that spinning br 
means of roHiun had 
1>6en pructit>iMi loti^ 
before Arkwright 
came upon the scctw* 
as an inventor or adapter of cotton machinery. The 
case against Arkwright was undoubtecDy strong, and 
bis defence was weak. The consequence was, that 
the jury without a moment's hesitation returned a 
v*'nliel for the C'rosvu. thus annulling the })at8lli Mid 
ilestroying Arkwrighi's monopoly. Tlie mm 
thus mtwle available for general use were mdilf I 
and extensively adopted, the rt«sult being a gnmt | 
expansion of the cotton uuiuufactureof tlie coutitn. 
By that time Arkwnght*s material poeition wa* 
secured, however; and, though deprived of thts , 
power to charge myalties for the use of hiaj 
machinea, be was able, by applying himstdf t^ the 
development of the factories he ha*l built fur him- 
self^ to acliieve a [losition ol affluenccv His oooi- 
petitoi-s faded for a considei*able time to equal the 
quality of the yams he [Uoduced.and he conaeqitetki' 
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held a skong position in the markets. His 
tUree sons were engaged in tbe business, and i^ 
iieved him in his later years frcm the exeition of 
active siiperiiit^ndeiioe — a relief which must have 
been grateful to one who had led sncli a busy life, 
and who had had to tight the prejudices and jea- 
lousies of a powerful cooibiiiation of capitalists. 

8oine incidents of Arkwright's domestic life have 
already been mentioned. He was twice married, 
his first wife being Ptitience Holt, of Bolton, who 
<lied in 1761. and whose existence is bnr*^ly in>tlr«-(l 



day to the btnrly of grammar, and another hovir 
to writing and orthogi*aphy. Having taken up 
his abode in Derbysliu'e, Jie interested himself 
in the aflaira of the county, and in 1786 had the 
honour of being elected High Sheriff, In that ea^m- 
city it fell to his lot to pwsent an address to his 
Majesty George III., congratulating hiiii on hia 
escape from the attenjpt made on his life by Map* 
garet Nicholson, and on that occasion he waa 
knighted by the king. The inahidy from \^hich 
\w suffered dunn^ the greater part of las exisleuoa 
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by his biogra]ihers. Of his second wife, ^largai'et 
Biggins, of Pennington, in the parish of I-.pigh, 
almoflt the only thing recorded is, tliat slie refust-d 
toaanction the sale of some projH^rty which belonged 
to her m her own right, in order that her huslmnd 
might with tlie money develop some of his ideas 
on cotton spinning. Some nnplejisantness ai'ose out 
of the refusal, and a sepn ration took place. Ark- 
wright waa a man of most indostnous habits, and 
M Btiriet eoonomiaer of time. When fifty years of 
«ge, he made attemjit^ to overcome the defi- 
ciencies of his early education, and from the time 
tmuallv lUlott^ to sleep he dedicated one hour a 
20 



l)ecame complicat^l with other derangements of the 
system, and 8ir Kichunl Arkwright's busy and 
usefid life closed in the year 1792, he Innng then 
in his sixtieth year. To his heii-s lie left, besides 
his mille, a fortune of about £500,00n, and to hia 
country a legacy the value of which can never b© 
reckoned. His son Riclmrd, who inlierited much 
of liis fathei''s sagacity and aptitude for ljuain«s8| 
was so successful in his imdertakings that he was 
reckoned to be tht; wealthiest commoner in England. 
He died in 1843, in the eighty -eiglith yeai* of his age, 
leaving a large family. In [>roving Ids will, the |]>er- 
sonalty was swox'u to exceed one million sterling, 
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that beings however, a nominal sum, because the 

scale of stamp duty went no higher. The probate 
bore a stamp of £15,700, 

Though Arkwright did much for the cotton trade, 
and achievetl a position of affluence for himself, 
there can lie no doubt that the unfavoumble criti- 
cisms of some of hiii biogmphei-s had Bome founda- 
tion. The fairest estimation of the man is^ perhaps, 
that given by Mr. Baines, in his " History* of the 
Cotton Manufacture," which is as follows : — '' I 
have foimd myself comiK*lled to form a lower esti- 
mate of the inventive talents of Arkwnght than 
most previous writers. In the investigation I have 
prosecuted I have been guided solely by a desire to 
ascertain the exact truth. It ha« been shown that 
the splendid inventions, which even to the present 
day ai'e ascribed to Arkwright by some of the ablest 
and best-infonned [persons in the kingdom, belong in 
f,neat pai-t to other and much less fortunate men. In 
appropnating tliose inventions aa his own, and cJaini- 
ing them as the fi*mts of his unaided genius, he act^ 
dislionourably, and left a stain u[)on his diameter, 
which the acknowledged brilliance of \m talents 
cannot efface. Had he been content to claim the 
merit which really tielonged to him, his reputation 
rould still have been high, and his wealth would 
tot have been diminished. Tliat he possessed in- 
ventive talent of a very 8^ii>erior order has been 
sjitisfaetorily established ; and in improving and 
[lerfecting mechanical inventions, in exactly a^lapt- 
ing them to the pnrposes for which they were 
intended, in arranging a comprehensive system of 
manufacturing, and in conducting vast and com- 
plicated concerns^ he dinplayed a bold and fertile 
mind and consnmmate judgment ; which, when his 
rant of education and the influence of an employ- 
lieait 80 extremely unfavourable to mental expan- 
slon as that of Ids previous life ai'e considered, must 
have excited the ii^^Umishment of mankind." 

For the sake of enabling a coinparison to be 
matte between the processes carried on in Ark wright's 
mills with those which may be witnessed in factories 
rontaining machinery of the latest device, to be 
descriV*ed farther on, we give here an extract from 
a ilescription of the treatment of cotton in one of 
Ark^vright's mills at Cromford, which was written 
by Mr. Strutt for ^' The Beauties of England and 
Wales,*' publLshetl in 1802: — '* When the cotton is 
sufficiently picked and cleaned (an operation that 
fui-niidies emploj-ment to a great number of women), 
it is cnrefViUy spread upon a cloth, in which it i^ 
aftiTwaixls rfilled up in order to be curded* To thw 
carding machine belong two cylinders of ditfei*ent 



diameters, the larger of which iB covered with cards 
of line wb'e, and over, and in contact with it, are 
fixed a number of statiouaiy cards, that, in conjuno- 
tion with the revolving cylinders, perform the opem- 
tion of carding. The smaller cylinder ia enoompaned 
by tillet cards, fixed in a spit^al form, and is abo 
proviiled with an ingenious piece of machintry 
called a cmnk. The roll of cloth before mentioned, 
being applied to the mtichine, Is made to unroll v«fy 
slowly by means of I'ollei'S, so that it may con- 
tinually feed the larger cylinder with its conteiitft, 
When carded, the cotton passes from this to the 
smaller cylinder, which revolves in contact with 
the other, and is thence stripfwHl off l)y the motion 
of the crank, not in short lengths, but in continua- 
tion, and having the appearance of a very thin 
fleece, which, if not intendetl to pass a second time I 
through the carding machine, is immediately con* 
tmctetl by passing l^twixt a jmr of rollers into 
what is called a row or length. The nejct pert of | 
the process ia timt of sizing. The machine bf 
which this is peiforaied has two pairs of roUenii 
that ai^ placed at a proper distance from faidl 
other, and revolve with diflerent velocities, arising 
either from the variation of size in the pairs of 
rollers, from their performmg a different number of 
revolutions in the same space of time, or friira both 
these causes united. When the lengths of cotton 
are brought from the carding macliine, serend of 
them together are applied to the i-oUers now men- 
tioned, and the effect pixxlneed is not only tliat the 
lengths thus appUed in conjunction ooaleeoe and 
come out single, but al»o that the fibres of tlie cotton 
are drawn out longitudinally by the different velo- 
cities and pressm^ of the I'ollei'B ; henc« the cotton it 
now terme*l a drmcing. Tliis process is several tim«t 
repeated, and seveml drawinp are each time united 
by passing together betwixt the rollei^, tlie ntind^r 
introduce<l lieing so vaned that the last drawing 
may l>e of a size proportioned to the fineness of tho 
thre-iul into which it is intended to be spun. The odt- 
ton is now in a fit state for roving. This of»erati«>a 
is perfomieil by fiassing the last-mentioned dniwtftg 
between two pairs of rollers, which revolve with 
different velocitie-s, as in the former macliinc^. Il 
is then received into a round conical can n^^-olving 
with ct mn id emble swiftness. Thus gives thc« drawiiif^ 
a slight t^^'isting, and iJi^jmres it for winding, 
which is done by hand, njmn large Wbbina hy tlw 
smaller cliildreiL When in this states, the ooUon ifl 
applied to the spinning machine^ Here it ia j 
between pairs of rollers, which, revoh'ing 
various degi^ees of velocity, ditiw it uut. luid r» 
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it to a proper degree of tenuity, at the same time it 
IS sufficient! J twisted hy the revolving of sfjijidles, 
upon which bobbins ai-e placed ; and the yarn thus 
twisted is caused to wind on the bobbins by the 
Miction of their ends uyyon laths placetl hoidzon tally. 
These laths have another very essential office to 
perform, which is that of raising and falling the 
bobbins so that the yam may be spread over their 
whole length, otherwise the thread would TOC|nire 
to be moved very freijuently, as is the ease in the 
common spiing wheel Wlien thus wound upon 
bobbins, the cotton is ready for use." 

At the tlirec^ mills which Arkwright built in 
iXerbyshire, 1,150 pei-sons wei'e employed — namely, 
150 men, 300 women, and 70U childi^n. The 
eatablishmenta seem to have been models in every 
raipect The authority just Cjuoted says of them :■ — 
*• Proper attention is iiaid to the health and morals 
<if the children, who are not admittetl into the mills 
till they have been some time at school ; antl Sunday- 
achools are supported hy Mr, Arkwright [son of Sir 
Richartl] for their instruction ufterwaitL The mills 
Mre not worked by night, and are constantly kept 
very clean and neat." It was one of these mills 
that inspired the muse of Br, Dai-win to produce 
the descnption of cotton spinning which api^ears in 
" The Botanic Garden : "— 

*• Where Dorwent guide* hia diiaky flood«, 

Through vaulted mountainii and a nij^ht of woods, 

Tho nymjih Gostppia treads the velvet sod. 

And wanns with rosy smileH the wat^rj- jurod : 

HiB paQd'rouj) oars to slender (jpindleH turm. 

And potire o'er massy wheels hU foaiDnng urns ; 

With playful charms her hoarj" lover wins* 

And wbeelfl his trident while tht? monan.'h Hpins. 

Fint, with mc<? eye emerging naiada cuE 

From leathery pods the vegetable wool ; 

With wirj' teeth r er diving earth relea^ 

The tanglod knots and smooth the ravell'd fleeoo; 

Kext moves the iron hmid with fiogera fine, 

Combe the wide card, and forms th'etemal line ; 

Slow witli soft lips the vhirUtuj ean Jicqiiires 

The t<^der ikeins, and wrap« in rifling spires ; 

W^ith quickened pare aHcceaitr rotta-* move^ 

And these retain, and those extend the rar<*. 

Then fly the spokes, the rapid axles glow, 

While Blowly oirenmvolvoft the lab'ring wheel below." 

One of the witnesses brought forward against Ark- 
imght at the trial of his patent Wiw Thomas Highs, 
of lAiigu, a man of undoubted mechanical genius. 




He claimed to be the inventor of the system of 
spinning by rollera which Arkwright had adopted 
and i^eitented aa his own ; and professed that liia 
machine had been made for Jiim by Kay, of War- 
rington, in the year 1707, two years befoi*e the date 
of Arkwriglit'a first patent. Mj*. Guest, in hia ** Com- 
pendious History of the Cotton Manufactuix*/* takes 
up Highs' c^ise, and attributes to him the author- 
ship of the most important juti-ts of the machinery 
used in working cotton. He even gives him credit 
for having anticipated Hargreaves witli the spinning- 
jenny, and his book contains an engi^aving of the 
machine. The arrangement of its |Mirts differed con- 
siderably from Hargi-eaves* invention, the framework 
being j>er|iendicular instead of horizontal. The 
spindles were anunged in the lower part, and the 
qXb&im which held the roving while being elongated 
were ma^Ie to travel in gi*cjoves cut in the sides of 
two upright jiosts. Its motle of ojiemtion was this: — 
The clasp having been let down near to the s[>mdle8, 
a jiortion of roving sufficient for one di-aw was let 
out. The spindles wei-e then set in motion, and by 
pulling a coixl the clas[>s were dittwn upward, and 
the s[iinning effected. In a general way the 
machine might be descnbed as Hai'gi^aves' jenny 
set up on end ; but the latter was a much more 
perfect machine. Indeed, Highs* jemiy appeal's to 
have been but a crude develo})raent of a valuable 
idea. This much is cei-tain about Highs, however, 
that in the year 1771 he devised what was called 
a doidde jenny. The machine had twenty eight 
Bpindlea on eiieh side, which wem turned by a drum 
or roller placed in the centre. It was publicly 
exliibited in the Manchester Exchange in 1772» 
and was so easily inanageti that it was worked by 
a son of the maker ten years of age. So highly was 
the machine tliought of that the manufacturej-s of 
the town subscribed a fund of £200, which waa 
presentecl to Higlia for his ingenuity. In the dis- 
putes which arose as to the onginatom of the 
various fxarts of cotton-preparing and spinning 
machinery, it seems beyond doubt that there was a 
gooil deal of hard swearing, and that some of th© 
claims put for wan I were utterly without founda- 
tion. The life of an inventor is usually one of 
strange vicissitudes, and it is reasonable to s«ppoie 
that the rewai'ds «lid not always fall into the right 
hiuidfi. 
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IN the last paper, we gave an historical account of 
the various improvements which have been 
adopted for producing castings, and concluded with 
ft short description of the apparatus employed in a 
foundry. Before describing the different kinds of 
castings, and the uses to which they are put, it may 
be well that the reader should clearly understand 
the difference between cast and malleable iron con- 
structively — that is, in their relation to structures. 
When dealing with the Blast Furnace, it waa 
explained that the change which takes place when 
pig iron is conv ^rted into wrought iron arises from 
the carbon being extracted from it; and among 
the peculiarities which follow from this process, we 
pointed out that one of the most prominent was the 
alteration in the temperature of the melting-point 
of the two materials. This was illustrated by the 
case of a blacksmith's forge, which is capable of 
producing only a welding-heat in malleable iron, but 
which would reduce cast iron to a fluid condition, 
if the heat were continuously applied. The most 
important difference in practice, however, is that of 
the great capability of cast iron for resisting crushing 
strains, or compressive strength ; and the capacity of 
wrought iron to resist strains in an opposite dii-ec- 
tion, or tensile strength. Every structure, whether 
it be a house or a steam engine, depends for its 
stability and safety upon the manner in which the 
materials composing it are disposed in oi*der to 
resist these forces; and the foundations of the 
sciences of engineering and ai-chitecture may be said 
to rest upon a knowledge of how to resist them 
with the least expense of material and labour. 

Any one who was ignorant of the difference that 
exists between cast and wrought iron, and who re- 
versed the mateiials employed in tlie construction 
of a steam engine, would find tliat the boiler, in the 
first place, would fly to pieces, and tliat if the 
engine itself were set in motion it would imme- 
diately follow. These facts must have been dis- 
covered by experience in a very remote period of 
the manufacture of iron ; but it may be interesting 
to the reader to know something of the expeii- 
ments that were made more recently, upon which 
ihe rules for disposing materials to their proper 
place in every structure dej)end. The most promi- 
nent authority upon this subject is the late Sir 
William Fairbaim, who made a series of experi- 



ments extending over many years, along with 
Professor Hodgkinson, at the request of the British 
Association. We will only refer to those that bear 
upon Castings. In the first place, to show the 
tensile strength of cast iron, which is very much less 
— about one-fourth — than that of wrought iix)n, a 
casting was made of a cruciform transverse section, 
very strong and solid at each end, so as to admit of 
a large ring being passed thix)ugh for attaching it to 
the apparatus used for testing its strength. The 
larger castings were broken by the chain-testing 
machine belonging to the Corporation of Liverpool, 
and the smaller ones by means of levers. The result 
of these experiments showed that the tensile strength 
of good cast iron varies from 6 tons to 8 tons per 
square inch — that is to say, a bar of cast iron one 
inch square in, section, if it were secured at one end 
to a wall, and at the other to a weight passing over 
a pulley, would break when the strain on the bar 
reached 6 to 8 tons. From this it will be seen how 
unsuitable a material cast iron would be to make 
into chains, or any sort of appliance which requires 
to resist a tensile strain. When we come to the 
experiments that were made to show its resistance 
to compression, however, we find that the advan- 
tage is all on the side of cast iron. In building a 
house, it is merely a question of height whether the 
materials forming the foundations wiU remain solid, 
or be crushed to powder by the weight of the sui)er- 
incumbent mass ; but if the material of which the 
house was built were blocks of cast iron, these ex- 
periments prove that there is practically no limit to 
the height to which you might build it, as many 
miles would be within the limit of safety, so £ar as 
the crushing of the materials went. In order to 
discover what the strength of cast iron is to resist 
compression, small cylinders were placed between 
parallel steel discs, which were crushed together by 
means of levers, and it was found that the resist- 
ance varied from 81,7701b. per square inch to 
145,4351b. per square inch — that is, from about 36 
to 04 tons ; while ^Tought iron could stand a pres- 
sure of only 8 tons ; though any comparison between 
the two is really not reliable, as the tendency of Uie 
wrought iron to crumple up increased, of coui-se, 
very greatly with the length or thinness of ihe 
material that was tested. The results of a vHst 
number of experiments made upon different kir^ds 
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df C8st iron proved tbat the advanta^ lay with the 
gptgs made frr>m the old cold-blast process, in the 
following particulai-s : direct teiiBile strength, com- 
jireeaive strength, transverse strength, power to 
.resist imijact, stiifness, and 8i>eciiic gi-avitj ; whilst 
the only ad\'iintage on the side of the hot blast is, 
fthst it bends somewluit farther than tha cold blast 
heiave breaking. As cast ii*on, however, is generally 
s^tiired to beai* sti-aina that, to be safe at all, ought 
.to be far within the limit of its strength, any httle 
difference that may exist between hot ^lud cold- 
«blaat pigs ia of no j^i-actical importtmce. Thei*e are 
J^uxUy any jioint** that can he I'uised uik>q the 
xiifferent kiiiils of strains to whiclj-ii'on is snbjected 
that have not been tidly oxf>enmentod upon by 8ir 
William Fairbairn ; and among these is the strength 
4o resist twisting or torsion. Of course, some sort 
of standard liad to be fixed upon, a8 in the case of 
pounds on the square inch ^ with which difloreot kinds 
4if iron were c<:>mpai*ed in the previous expeiiments; 
juai so an angle was taken of half a degree through 
which the iron was twisted, so as to give it a jier- 
SDEiient "set," and it was found that just about 
ludf tlie strain was necessary in tlie ca.se of mal- 
leable iron that waj3 required in e^ustings, anrl that 
mock less was neetletl in the ca.se of bronze. Jt had 
long been known that when iron ban been" relocated ly 
melted it alters its char.ict^n* ; but Hir William 
Fairbaim discovered tliat its greatest streugtli and 
•elasticity were reached only at the twelfth melting, 
And that its resistance to eompression went on in- 
creajdng to the eighteenth melting, when it I'eached 
B8 tons on the square inck As cast ii*on is con- 
atttntly returning to foundries in the form of 
**«ci«p," it is of itnportfince to know how it is 
j^ected by repeated meltings; and these experi- 
ments showed that when the iron has been passed 
through the furnace more than twelve times it l>e- 
^comes unsuitable for most of the [iur|K>8e8for which 
it is usually emj*loyed. 

Although nothing may api>ear to l>e more solid 
iiian the great iron bridges which sj»an our rivers 
■or ravines, and bear the weight of paKsing trains 
jind the traffic of our great cities, it was discovered 
long ago that vibration had a very material effect 
upon the strength of these structores, and tliey had 
to be made much stronger upon this account. It 
wa« also foimcl Vjy experience^ that changes in the 
AiDOunt of the load, as in linfiges that are crosseil 
by railway traffic, had the effect of weakening the 
stmcture, so that what api>eared to be amply strong 
enough at Ei'st would liecome dangerous in the 
course of a few years. Upon examining iron that 




has been subjected to rejieated vibration, it is found 
that it has l>ecome altered in its character, and tluvt 
tough, iibrouB wrought iix>n becomes crystalline and 
brittle when repeatedly hammei'ed at a low tern- 
perature. This is partly attributed to changes in its 
magnetic condition, and Kome scientific men believe 
that it b wl lolly to be atti-ibuted to this cause ; but 
whether this is the case or not, the effect of per- 
cussion and change of load is so great that it 
requii'es to be taken into account in all structures, 
whether they ai'e miide of wrought iron uv castings. ' 
Tlie breaking of iixles of mil way camiiiges is very 
often accomited for in this way, and the Commission 
ui>oa Rfiilway Stiiictures trieii to settle the ipiestion 
Vjy dii'ect exiKniment, when it was found that no 
cjisting {in the form of a bar) 
wtis able to withstand more than 
4,000 blows, each of wMch was 
sufficient to beml the bar lialf- 
wny to the point at which it 
would break by dead pressure, 
but that all the bars resisted the 
same number of blows when they 
detlectcd the bar only one-third 
of the way to the point of fi-ac- 
ture. In order to discover the effect of changes of 
lotwl uj>on other kinds of beams, there was a very 
well-known exjjeriment made upon one constnicUMl 
as shown in the sketch (Fig. 1) — 
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One million changes of load were made, with weights 
varying from jth to fths of the load that would 
break it. In the first series of experiments, which 
extended from the 2Gth of March to the 2Gth of 
July eusiiinj^, the experiments were continuous till 
it liroke * and the second series of experiments on 
the same beam after being rejmired, sustained 
3,000,000 additional changes, Avith a iTnisonable 
load when it broke, • This sliows how catx^ful 
engineers should be to make full allowfince in their 
calculations for the deteriomtion in the strength of 
beams and bridges by the constant passage nf heavy 
traffic. 

We will now attempt to convey some idea of the 
place which castings take in the const rue titm of 
machinery ; and as this depends entirely u[K)n its 
relation to wrought iron, in the matter of these 
diffei'ent strains, we trust the explanations tili-eady 
given will help to make the subject moi-e re*idily 

* Sir WiUiAm Fuirbiiini'i *' Iron Manofacture,*' pu 24& 
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understood. In all machineiy — in a steam enginei 
for instance—ther© are some parts that are stationary 
and otlieiTS that are in motion* Now, as most of 
the moving parts are flubjected to tensile strains, or 
twisting atrtiiiLSj and as wrought iron is miieh 
8troDger than castings in these resj^cts, the moving 
jmrts are generally made of malleable iron ; and in 
nearly every case whei'e the mo\ing jmrt is made of 
cast iron, fus in a revolving spur wheel, the metal 
has to be deposed ao as to tfl.ke as much advantage 
as jMjftsible of its compressive strength or cajMcity 
for resisting crushing. The stationary parts, on the 
other hand, ai*e genei'ully subjected to strains of 
compi^ession, or are so situated that additional 
weight, which is a drawback in moving pa?*ts, is 
not so mueh to be avoided^ imd can l>e conveniently 
added to I'eaist any tensile strains that may exist, 
at the same time gi^^ng greater stability to the 
structure. This, then, is tlie general guide for 
disposing the difterent materials to tbeir various 
duties: castings for compressive strains, wi^>ught 
iron for tensile strains, and brass where thei-e is 
liny doubt of a casting b*?ing too complicated to V>e 
found. In the old ex[>erimenta made in the Baptist 
Mills at Bristol by John Dax*by» there were a gieiit 
many difficulties found in substitiituig iron for hra»a, 
and these still exist so far that the more elabomt^ 
forma of moulds, especially when the meta! requires 
to be thin, are genei-ally tUled with bi-ass ijistead of 
iron, as the latter is very apt to riui so as to form 
flaws that render the ca-stmg useless. In foundjies 
that make a Bpecialty of light castings, the ]>ig iron 
is mixed in such a way that sound castings can l>e 
produced wliich would astonish the early pioneers 
of the industry ; bat in ordinary work, brass has a 
great advantage over iron in tlie soundness trntl 
toMghness of the casting when it is thin or com- 
plicaited. 

When the dramngs of a jiiece of machinery have 
been fully imule out, it will be understood now 
that one jiart of them will i-eiiuii-e to be earned out 
with wrought juid tlie otlier with CJist ii'on ; some 
detiiils beiug taken to the forge, or smithy ; othen^ 
iiefening to the foundry; and othei-s to the erecting 
shop, where the whole has to l»e put together. None 
of them, however, requii'e to go to the foundry, 
becatise the first process in producing a casting is 
to make a " pattern/' fi'oni wliich it is mcHlelled. 
ap<l tliis makes the moulder independent of a 
dmwing. The foundry itself is made up of build- 
ings that Bjre high enough in the roof to a*lmit of 
the introfluction of large cranes for carrying lieavy 
weights fi'om one part to another. Outside, at a 



convenient distance — very often close to the exterior 
wall, through which there is a hole to admit of tlie 
moltt^n metal i»eing taken otf from the interior — 
there are one or more cujK>la furnaces, where the 
iron is melted. The Hoor consists of a considerable 
depth of sand. The very finest fpialities only are 
emjiloyed, and there is a considerable ti'ade at 
several [joints on the sea coast where it is found 
ill sufficient quantities and of sufficient fineness 
to admit of its being exported or conveyed to 
industrial centi^s where it Ls in large demand 
There is one [Mii-t of the coast of Aberdeenshire 
which is famous for this commodity, and the 
castings that are made from it are w^ell known for 
the smoothness of their suiface and the excellence 
of theii* finish. This sand, although it is beautifully 
white, yellow, or pink when it reaches the foundry, 
is soon so impi"ognated with charcoal that it be- 
comes quite bliick. There is no grimier interior in ' 
any industry than that of a fomiflry — not even a 
coal pit. The castings wliich are made from moulds 
formed from this material are called **gi*een'8and** 
castings, as opposed to *' dry -sand" or "loam" ca«t- ' 
ings, to which we shall presently refer. The making 
of the patterns fi'om winch the ciistiiigs are moidded 
is a dei>ailment of itself in eveiT engineering 
establishment, and is superintended by a f oilman 
who has had a s|>ecial training. In the simpler i 
forms the i>attern is an exact fac-simile of th© 
casting which is taken from it, except that a small 
allowance is made for the shiinkiug of the molten 
ii-oii when it cools, so that the pattern is really a 
little larger. As this allowance is not mor^ 
than ^th of an inch to the foot, it make^ ^<>^m 
ditifereiice in its api>eajunce. We will now take^|l 
a small cylinder that lau« to be reproduced in 
solid cast iron, and show how it is produced. The 
principal part of the plant of a foundry over ami] 
above the cranes and ladles by which the molteal 
metal is conveyer 1, consists of ** boxes.'* These are" 
made of cast iron, and are of a great variety of 
shai>es and sizes, in order to meet the necessity ofj 
providing for the infinite variety of the castit 
which are mouldcnl in them. Each of these 1>oxe 
consists of an up|>er ami lower half, and they 
crossed with webs or thin plates of cast iron, 
which the sand adJieres l»y friction, so that it doe«^ 
not fall down when the box is in a perpendicular 
position. The lower half of the Im5x is first li^l^ 
upon the sandy bottom of the foundry, and afterW 
being jmrtially filled with sand, the pattern is 
placed in it and packed all ruund, leaving tlie 
upj^>er half exposed. The sand i& then smoothed 
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over to the centre line, and a little ''parting 
sand," which is fine, sharp, and perfectly dry, 
sprinkled over the surface, so as to prevent the 



Pig. 2. 

sand of the upper box adhering to it. The upper box 
itself is then placed over the exposed half of the jmt- 
tem, and adjusted accurately in its place by means 
of pins projecting from the outside of the lower 
box, as shown in the sketch (Fig. 2). When both 
halves are in their places, the upper box is then 
filled with sand through the top, which is o|)en ; and 
this being well packed down, it takes the exact 
impression of the upper half of the pattern, after 
which it is removed. The pattern is then taken 
out of the lower box, leaving its impression ; and it 
can now be readily seen that when the upper half 
of the box is again placed in its former ixwition, 
an exact mould has been formed, into which the 
melted iron can be poured and allowed to remain 
till it becomes solid and cool. The art of the 
moulder consists chiefly in making good any defects 
which invariably occur in removing the " pattern," 
as little bits of sand adhere to it or break away 
from the comers of the sandy mould. A great 
variety of neat little iron tools are used for this pur- 
pose, and require great practice and a steady hand 
to use them with precision. The finishing work 
before the mould is " poured," is to dust the in- 
terior over with charcoal or lamp-black, and tlien 
rub the surfaces with a smoothing-tool, giving a 
«>rt of lustre tliat is reproduced to some extent in 
the casting. A " pouring hole," and " vent holes," 
to allow the heated gases to esca]>e from the 
molten metal, complete the operation. The case of 
a Bolid cylinder is one of the very simplest forms 
^^^pattenis of moulds and castings that t^xist, because 
^ first is produced with great ease in a turning- 
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***he, and the others in the easy manner already 
*^"^be(l. We will now sup])08e that a hole is 
•'•'^tod to be put through the cylinder from end 



to end. For this another pattern is required, called 
a " core box." It consists of two pieces of wood laid 
together very much in the same way as the boxes 
of the foundry, and kept in their place by means ot 
pins projecting from their surfaces. Each of the 
halves is cut out, so as to form a half of the pattern 
of the core, as shown in the sketch (Fig. 3). The 
duty of making these coi-es generally falls to the lot 
of the younger apprentice moulders, and is an opera- 
tion re<|uiriiig no great skill or ])ractice. A mixture 
of clay and rough sand is simply put into the box, 
very often sup^wrted through the centre with a 
piece of iron rod, or made up with straw roi)e8, 
to give it sufficient strength to sup])ort its own 
weight When it has been moulded in the "core 
box," it is then canied — and this is an operation 
that tests the j^tience of the neophyte, as it is very 
ai)t to break — to the Stove. This is a building about 
7 or 8 feet in height, about the same width, and of 
a sufficient length to receive the long ** cores " that 
are frequently nHjuinMl for nuiking steam, water, 
and gas pii)es. As a fiiv is kept burning insidCi 
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and the heat is retained by the closing of iron doors, 
going into this black and fiery dungeon to look after 
the " cores " and see how they are baking, is not the 
least of the many grimy details in the occupation 
of an iron moulder. When the core is dried, it is 
placed in the mould of the cylinder we have already 
described ; and for this puriK>se the itattem has 
projections at its ends called " prints," the exact 
diameter of the " core/' which, as they make re- 
cesses at each end, provide a support for the core, 
as sho>\^ in the skett-h (Fig. 4). It will now be 
remlily seen that, when the molten iron is ]X)ured 
into the mould, it nins all round the " core," leaving 
it in the centre, so that, when the casting is cold, 
tlie sjind of which the " core " is coniiKJseil can be 
readily renioveil, leaving the re<iuii*ed hole through 
tlie centre of the cylinder. 

We have taken the very simplest fomi of ])attem 
to illustmte the pixx^ess ; but the i*eader can easily 
undfi-stand that such ela]M)rate j)attenis as thoso 
that form tht* coniplioite<l dt-tjiiLs of steam t'n<:ineR 
require a much moi-e claboraU' mould, aiui gi-ent 
skill on tht» ]Mirt of the workmen whoso business 
it is to cast them. The larger eastings — such as 
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the propellers and condensers and cylinders of 
marine engines — are manufactured in a totally dif- 
ferent way. In the case of these heavy castings, 
the weight of the molten metal rushing round the 
comers and through the intei-stices would be certain 
to destroy the mould, and so the same material is 
employed of which the ** cores " are made ; only, 
instead of interior make-shifts of straw-ropes and 
small bars of iron, they ai*e built of brick, with a 
sufficient thickness of the mixture of wet sand and 
clay plastered over them. It is a grand sight to see 
one of these large castings being " poured," consist- 
ing, as they often do before being closed in, of 
what appears more like the foundation of a house 
dug deep down — perhaps 10 or 12 feet — ^than a 
structure that has merely to fulfil the temporary 
purposes of a mould. In forming them, no patterns 
such a« those we have described are needed, nearly 
everything being done by " sweeps," which are made 
of pieces of wood shaped in such a way that, when 
their edge is scraped over the surface of the wet 
mixture of sand and clay, they leave the required 
form on its surface. When these large moulds are 
finished, the greatest care requires to be taken to 
have them dried properly, as any moisture would 
certainly lead to an explosion. This process of 
drying is a very tedious one, and is carried out 
simply by kindling fires of wood and coal in dif- 
ferent parts of the mould, and keeping them in for 
many days, if necessary, until the o ^ process is 
complete. As provision has to be n ide for every 
particle of sand being removed from the casting, 
it is no easy matter to arrange for tLi. Ving done ; 
and it sometimes requires great labour and trouble 
to remove " core irons," more especially from those 
passages for steam in the cylinders of steam engines 
that are necessarily intricate. 

We have illustrated the simplest form of pattern 
and mould, in order to afford the rer.der a general 
idea of how castings are produced ; bi t it would be 
beyond the scope of the present paper to go into the 
details of the special industries that have risen 
within recent years, such as " sanitary castings " 
. and " oniamental castings." These have grown up 
under the fostering influences of commercial com- 
petition, and the succewj that attends these under- 
takings de])ends altogether upon the application of 
ingenious methods of production, which save time. 



labour, and material. Tlie Coalbrookdale Iruir 
Works, with which the fathers of iron founding, 
the Darbys, were so long and so honourably con- 
nected, still holds the foremost place in the United 
Kingdom for the production of ornamental castings. 
These have been frequently the admiration of visi- 
tors to the various international exhibitions; but, 
although they are mai-vellous specimens of the 
moulder's art, they are far exceeded by the pro- 
ductions of the Hartz Mountains, in Germany, 
where castings are produced that have almost the 
finish and appearance of oxidised electro-plates. The 
principal demand for ornamental castings occurs 
in the manufacture of what are called " American 
stoves," where a good pattern gets a name to itself, 
and is reproduced in thousands. The West of 
Scotland has acquired a great pre-eminence in this 
particular industry, which has been established from 
the early days of iron founding at the well-known 
Carron Iron Works, which gave their name to the 
carronades that were once so famous in our naval 
warfare. Among recent processes in the art of the 
iron founder, there is one that haa acquired con- 
siderable importance. It consists in softening cast- 
ings by annealing them, and at the same time putting 
them in a " dry bath " of some substance that has a 
great affinity for carbon, and which removes a larg«? 
portion of it to some depth from the surface. The 
effect of this is to give the castings, especially wben 
they are small, the character of wrought iron, which 
the reader can better understand by referring to a 
previous paper, in which it was ex])lained that the 
principal difference between cast and wrought iron 
consisted in the former being much more highly 
carbonised. This process has greatly developed in 
the " sewing-machine ti-ade," where the elalwrate 
forms required for the different parts of that wonder- 
ful piece of mechanism, that were fonnerly made by 
the blacksmith at the expense of much labour, ar© 
now foraied first in moulds at a very small cost, 
and afterwards turned into a species of wrought 
iron by this process of ** decarbonLsing." The sub- 
stances employed in the " dry bath " for producing 
malleable cast iron are generally the secret of each 
individual establishment ; but a very effective one 
consists simply of hcematite iron oi*e. 

In our next paper wo propose to take up the 
subject of Wrought Iron. 
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ROMANCE has cast its halo around the ghosts 
which haunt the corridora of somc^ aueestral 
mansions, by way of pictureK<[iiely marking the 
nn timely end of former occuptints. It may be also 
that not a few pale spectres tiit through the passages 
of prosaic fiictones when the spindles ai-e stilly 
sUeiitly protesting against the negligence which 
robbed us of their not valueless lires when they 
were beings incorix>mte in the fle-sh. Tlie pmiuatui^e 
decay of ftictoiy work el's may lack individual in- 
terest, but the combined I'ecords of the dea^:! compel 
our attention by their stiU'tling i^projichea. Let us 
give the fullest value to the taunts of iutemi>entuce, 
reckless expenditure, or thriftless ways ; yet thei-e 
remaiiis the fact tliat in some trades the worker 
lo«!C8 health, and often life, irrespective of these 
intluenoes, and solely by the diiect iniuence of his 
oocui)ation. 

The object of these papers is to ascertain to what 
extent a man with a sound constitution, udth tem- 
perate habitB and with favourable environments, 
IS necessarily affected in he4ilth by his emplojTnent. 
Li order to discover the absolute ludieal thin ess of 
I lin»des, the errors of life in the worker^ as distinct 
ether from the influence of toil, must !>e elimi- 
natied. What is now aimed at, therefore, is to show 
the ptu^e and simple effects of physical occupation 
on the vital capacity. The habits of the otiemtive 
lafim' work stand in a secondary position. At the 
sune time, it ntuSt with all chanty be borne iu 
mind that these habits may be engendei-ed, to a 
certain extent, in consequence of the j>eculiarly 
depressing inSuenc^ of the industry in which he 
engages. Thei-e can lie no doubt that intemperance 
and neglect of Siinitaiy laws will materially reduce 
the normal '* threescore years and ten " allotted to 
mankind by the Psalmist, whatever be the occupa- 
tion. But, putting ourselves iu the precise coutli- 
tion of the industrial cla-sse^, how few of us could 
Uurow a stone at any one of tliem 1 Tlie public- 
faottae or music-hall was, till of late years, the only 
place of amusement and relaxation open to our 
operatives. Many philanthropic exei-tions iu behalf 
I of working men wei-e biLsetl on the idea that they 
were already educate* I up to the pitch of finding 
•nmaeinent in matters congenial to their more 
redned well-wishers ; but these schemes have been 
only partially, if at all, successful. Again^ to tidk 
31 



of home and it8 family pleasures is a mockery to a 
man whose wife kr;ows not how to make home 
attractive. If mill girls or domestic sen-ants pos- 
sessed the rare accomi^lLshment of house manage- 
ment, there would Ui little or no excuse for the 
dissipation of ai-tisaus. But this art Ls the heiitage 
to some extent of I'efiiiementi and to a gi^eat extent 
mainly of education and soiuid sense. 

Consider also the nionot'Onous lalxjiir of the 
artisan ; his hands fall to one automatic routine. 
^' He feels, ejich anxious hour, that the dull ti'ead- 
mill by which is secui-ed the means of sustenance 
for a hungry hounehold may, without warning, l>e 
closed by any number of forces over which he has 
no controL" He has to woi'k ynth the siime ciH>wd 
of i>eop1e, in the same biiildiiig, at the same ever* 
re]xnitiug hiliour, while his brain is left unemployetl, 
to brood over i^al or imaginary evih : these condi- 
tions affect life to the core, and so we luust indeed 
make many sllowmices for the factory worker. 

Attention must, however, now l:»e dii*ecteil to the 
immeiliate causes of disease in vaiious imhistries, 
regarded quite aiHu^t from the complicating intluenoes 
of pei-sonal haViit. Witli the jn^sent houi^ of em- 
ployment, no actual disease can be dii^ectly tnieed 
to mei-e strain of physical lal>our. Trades luiions, 
aided by the not unnatural disinclination of the 
oj^erative for over- work, have put an end to exces- 
sive taxation of the physical organs. Besides, haixl 
work is not in itself unhealthy ; uideed, minus wony, 
it is an excellent tonic. Given, then, a sound con- 
stitution to start with, what are the occnpations to 
which an Industrial Liie Insuntnce Company would 
attiich high premiums ? Tliough not strictly an in- 
duHtrial adiing, we may, for comijarison, state that 
the highest rate would have to be paid by publicans. 
This section of the community ni^'d not want for 
plenty of fooil, air, or society (of a kind) ; yet, harrl 
facts show that the life- value of tlae publican is, 
when compared with that of all other tradesmen, 
the lowest in the scale. In all England, exclusive 
of London, the mortality of all males from 1861- 
1871 was at the raU^ of 1182 per cent annually. 
But of publicans it was nearly tliree times as gi-eatj 
or, to put it exactly, 3* 1 63 i)er cent annually. To 
state compimtive details more minutely, it may lie 
remark^l tliat, at 3o years of age, the mortality 
was, for all classes^ 1'305; for labourers^ 1D80; 
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for blacksmitlw. 1124 ; fuv mil way servantu, 1-41*7 ; 
for pnl>licau«, 2-044. Thei^ is an old eyiiiciil pro- 
vt?rb wliicb nuiH " the nearer the church, the faither 
fi-ooa grace." These %iiiij3 might give us^ as a 
jiarcMly of it, ** the nearer the i>nbIic-houae, the 
farther fixjm health aiul longi^vity." Besides the 
trade of liquor soiling, the folloN\'ing occupation a 
would also have to l>e highly rated : — Flax and 
cotton workers, needle mnkerSj workein in earthen- 
ware, knife grinders, plumbers and painters, and 
miners. 

I j>i"opOfle to take e^ich trade in detail, endeavour- 
hv^ to stiitc wJuit are the habits and diet of the 
worker, to show how far he is injtirion^ly affected 
while at work, and to suggest remcHlie^ whei-e it is 
posiiible to ilo so. 

In a sencs of popular papers such as theset it 
would T>e, for many reasons, unadviKable to enter 
minutely into the |mthology, or morbid anatomy, 
of sj*eciiJ diseases. But for the sake of oi-der and 
cleai'ue.ss, a rough clnssilication may be adopted, 
lj4ts4Hl on the causes which [jj-oduce disease in the 
iiitin stria] chxsses, that can be directly tniced to 
unhealthy occupations. We may start by s^iy- 
ing that the most prevalent causes of 8|)ecial 
tratle disease are: — (1) The inliahition by the 
lungs of fine i^ai-ticles of solid matter, or of gases 
and vapoius, (2) Ex[josure to damp, and to impure 
air ; imder which head may be Lucluiled the expo- 
suix* to exti*eme variations of temjieni turn. (3) Expo- 
sure of tlie body to chemical agents. (4) Injuries 
froui iimiatural jxxsitions, from buriLs and scalds, 
and from beaiing weights and loads. The Si>eoial 
Ref«>rt of Dr. Ballaixl for 1877 to the Local 
Government Board might suggest the addition of a 
fifth set of causes^ namely, noxious eMuvia, But 
these, to some extent, ai"e inciuded under the heading 
of " Oases and Va[x)ura," thotigh at the same time 
it must never be forgotten that bad smelk do not 
neee.Hsarily aiuse disease. They are like the mttle 
of tlie iKjiiJonous sm^ke, which indicates tlie presence 
of a hidden foe. Nause>a and sickness may arise at 
the moment, but the inoit* subtle poisons, or gt*nns, 
Miiioh attack the system, are slow in uuinifewting 
their i»resence and etfects. Dr. Balhtrd describes 
a mutlel fellmongenng esttiblisliment with the 
enthiistiism of an anient sanitarian, iind his con- 
' duKions are, that with the use of impmveil ap- 
pliancefl, and scnipulous cleanliness, no special 
disf^aae will Ijc gf^nerated 

Under the fii^t hetid, the various forms of dusts 
wliicb Are thi-ijwn off fixini many substances in the 
proctscuiof iniUiiifurtnLtj are dealt with. Theae dusts 





produce Hi>ecial symptouis, in accordance witli their 
physical chai^acteristie^. There are cutting di 
foiTued of hai'd pailicles vnth cutting etlgea, 
arise during the grinding of ux>n and steel, of gl 
and earthen wai-e. Tliei^ are iiriUvting or pric 
duwts, deli i' 3d fi*oin textile fabrics, wool, 
fiax, or clay, Thei*e ai-e chemically jjoiaonuti 
dusts, given off during the colouriug of fabrics 
araenicid or other salts. 

In fact, nature has foi-eseen the risks wluch 
oixlin^nily runs fi*om duat inhalation, and haa 
cordingly provided him with a protection 
moderate expo^sui^ to tlie above-natned inEueui 
Beginning at the elitrance to the nose, we find 
moustache placed in nudes so as to act as a aort 
of aii'-tilter and i^spinitor. Any one who watchea. 
stone-cutters at work, can see how powdered di 
is checked in its progi^ss towaixLs the nuee 
lungs, and how it is deix>sited thickly on 
beanls ^ind moustaches. Next are found, wii 
the cavity of the nose, numeiX)U8 hairs growi 
crosswise, like a thick-s<?t fence, to check intrusioib^ 
Tliirdly, a miei-oscoiM? will dLsclose a beautiftd pf» 
vision for exi)elEug foreign sul^stances. Throughout 
the whole coui-se of tlie lining membrane of 
throiit, of the mnd-pii>e, and of the bix>nchial tul 
ai'e studded minute filaaient««, called " ciJia,* 
their supposed i^esembhmce to eyehislies. They aw 
extremely small, and can only be seen by aid of 
I>owerful microscope ; but they are in oo3 
movement, invariably waving in one direction 
that is to say, fi-om within outwanls. Tliey 
as it wei'e, constantly beating or hishing themjid 
against the cui'rent of air taken into the lui 
Their motion in singuhirly beautiful, and wl 
tliey ai-e most numei-ous it has been comjiansd td 
that of a wavuig field of coitl When any 
dust or mucus enters the lung with the ins] 
air, these waving fihimenta sweep it outwards^ til 
it gnidually reaches the mouth or throat, when 
may be swallowed or 8|Mit out. The black mm 
seen in the expectoration from the lanj^ of 
Londoner is caused by the Gxie particles of 
waved uji by the " cilia," and mingled ^nth phl«^ 
which Ls coughed up. Fourtldy, nature ^iroti^ttt lu 
by means of the mechaninm which produoea otmfjk' 
ing. If any iiTitating jmrticle^ enter th< 
a message is sent up to one of the nerve 
Tlie reply takes the form of a violent m^ 
contraction of the lungs and walla of th« eh 
by which the intruder is dislodged, 
the windpipe and bronchijd tubes, when irritati 
secrete a viscid fluid, known as ** mucus " or i lil-!/ 
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which encii'cles the dust, and is then either coughed 
iTj> or borne outwards by the ** cOiil" 1£ a imi-ticle 
of salt is placed on a snail, it causes great discom- 
fort ; but very soon a frothy secretion exudes from 
the creature, which entangles and lifts aw^ay the 
irritant. The same process occurs within the lung. 
If, however, the ** cilia," the cough, the raucuR, and 
the bail* guards are overpowei^ed by the quantity of 
duHt, & portion of it passes these protecting ol^staclas 
and enters the celln of the lungs, and then mischief 
eupervenes. Particles of glass, steel, or fine stone 
sometimes actually cut the *' cilia *' through, and 
eren pierce the lining of the lung as well. Hence 
the fatal effects of their occupation upon knife 
grinders, stone cutters, needle i>ointers, and sand- 
paper makers. Inflammation is set up by the in- 
haled particles, the lung breaks down, and grinder's 
"rot," or industrial phthisis, is the conseijuence. 
A^ain, if the dusts be not mechanically initating, 
ihey may be chemically so. Tlie du-st of ai-senic 
or mercury, when used among funiers or pai>er 
makers, enters the lungs, and a portion is at the 
same time swallowetl In such cases, yre tiiid 
distinct symptoms of specific poisoning, without 
H injury to the hmg. The chemical agent attacks 
Kihe system, being absorbed through the lungs or 
^PSmach, and of course shows its special eficcts 
in due time. With textile fab lies, the paitieles 

I of cotton^ from their elastic and sharp structure, 
cause much distxess ; while those of wool or 
ailk, being soft and oily, are less hurtful, Tlie 
diut gi^en off in the various stages of flax pi^- 
jMuring also produces the most serious and obsti- 
nate form of industrial disea.se, to which particular 
attention will be directed in another paper. Among 
miners, the coal dust frequently plugs up the lungs 
to such a decree that large portions of them ai'e 
found, after death, to be solid. 

With r^ard to exjKDSui'e to damp, wet, and ex- 
tremes of temperature, it will \ye found that much 
suffering arises from the heated condition of fac- 
tories. Badly ventilated, full of steam and draugli ts, 
what wonder is it that bronchitis an^l consumption 

■ are engendered or fostei-ed in such phux'sl Among 
the potters also are found some curioiLs typical forms 
of industrial disease, directly occasioned by their 
work. It must, however, be r€meml>ered that a 
cLaf soil is damp and cold, and has of itself a 




tendency to protluce special disease. When, then, 
the outward influences are unfavourable, as well as 
the occiEipationj the symptoms of disease ai'e more 
intense. We have now given indications of the 
gi'oups of industrial sickness that must be con- 
aid eixni in detail. Nearly all the organs of the 
body are apt to be attjicked. Industrial work of 
various kinds may produce in the lungs of the 
opemtive^ — consmnption, bronchitis, a.sthma ; in 
their hearts — palpittition, intermittent action, blood- 
lessness ; in their stomachs — dyspepsia, vomiting, 
dianluxni, const ijmtion, colic; in theii-skin — ulcera- 
tion and eruptions ; in theii* bmins and nervous 
system — Ijeadache, dizziness, paralysis, neuridgia. 
Then? is no doubt what*;ver that by far the givater 
n timber of these maladies might be eliminatetl fiTini 
the catalogue, if proj>er pi*ecautions were insisted on 
by the eraployei's, and curfied out by tlie workei^ 
The issues al stake are, it will l>e seen, of s *riou8 
iiui>ortance, Tlie annual deatli ntte in Engluud and 
Wales Ix^ing taken at 25 iu the 1,000, that of the 
industrial commimity stands at 27 in the L'MJO. 
The former figures i-epre^ent an annual mort,Mlity 
of 125,000 in the 5,000,000, the latter of 13r>,000 
in the 5,000,000 ; consequently, industrial disease 
robs us of 10,000 lives annually. When tlnix* is 
atldcHl to this deiith roll the gi'eat physicid su tiering 
which accompanies tmde diseases, the loss of wages 
dux'ing periwls of prolonged sickness, surely our 
esiraest attention is urgently demanded to a sanitaiy 
reformation. There are about IHIO factory surgeons 
throughout the kingdoui, and right well ai^e their 
duties discharged, in spite of miiserable puy. But 
their powers of beneficial inteifcix^nce are too mir- 
rowly bounded by stringent ** i^^gtilatious.*' They, 
of course, have the privilege of sending in * 'reports " 
to the Local Government Board j but, as a sittii'e 
on State sanitation, it is from these ^yist and pi-esent 
reports that the facts regarding existing prevent ihle 
tmde disease are gathei-ed* The central authority 
has the strength of a giant ; but it is, as fdl load 
governing bodies know, chainetl in the fettei^ of 
a stolid, immovable officiidisUL Were the factory 
surgeons intmst-ed with more extensive |X)wei's, 
a ha[)pier era might dawn on us ; but, as it now 
stands, they ai'e well-nigh sick of jiointing out 
evils that ai'e ignored » and of suggesting n*me- 
dies that nobody will use. 
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BAftROW IROK AND STEEL WORKS. 
By AxFttUD EwEN Fletciiek. 



ALONG the western searlxjanl of the beautiful 
Furnesii peniiisuhi stretches the scene of a 
reijiarkable triumph of iiidustriiU enterprise. The 
thri\Tng town of Barrow, with Its magnificent 
docks, and stately diinmeySj its wide, oyien streets, 
and huge blocks of red sandstone buildings, now 
occu[jies temtory but a few years ago held in 
fealty to Bolitude. Until the elder Brogden ac- 
complished the gi^cat work of carrying a i-ailway 
acrosa the sands of Morecambe Bay, notwithstanding 
tho obstacles encountei^l at the turbulent estuaries 
of the Kent ami Ijeven, Furiiesa was shnt out from 
convenieiit cGinuiunication with the i-est of the 
workb Bounded on the north by the gi*and Cum- 
berland mountains, and east, west, and south by 
tbfj st-a, its illation and pieturesqiieness early 
attnicted the attention of tlje ** pious monks of 
Bt Beniaixl," who in the l^egiiuiing of the twelfth 
century selected one of the loveliest of its seel tided 
valleys for the foundation of a religious house. 
The nol»le ruins of this eakibliahraent still stand 
as nuu'ai evideucea of the tender gi^jice of a day 
that is dead, ami when lit up at night by the glow 
from the great blast fiu^riaces at Barixjw, bear 
silent witness to the contnist l>etween the present 
aud the j>ast. It was probably aLso owing to the 
advantiigrs which such an out-of-the-way place as 
Furness then was offered for the initiation of an 
^JU'metl rebellion, that Laiubert Siujuel selected it for 
'elfecting a landing when, witli a band of Irish fol- 
lowei"s, he entered njion his madcap exi)edition to 
wi-est the ci"ownof England from King Heniy VII. 
Previous to tlie consti-uction of the over^santls 
railway, wluch follow*?*! Mr. H. W. Hchneiders 
discovery of the hitklen treasures which nature has 
been accumuhiting for ages in tliis favoured pro- 
'montoiy, Barrow W4is but a toj>ographicid ex- 
^pression. It consisted merely of a collection of 
fisheimen's huts, and gave little promise of its ever 
becoming an adopted home of the ails practised by 
Vulcjui and his swarthy Titiuis, Byt the town has 
siuce .s|irung np with a rapidity nnprecedentetl on 
this side the Atlaiitic. Until veiy recently, it 
escaiMHl the vigilance of the maji-makera, and stUl 
continues to jihiy havoc with the trustworthiness 
of the eensusi returns. In 184**, the jiopulation of 
Barrow was less than 3(N», The Goveniment re- 
turn for 1871 showetl that the number had risen 



to over 18,000. But this return held good 
oidy a very shoit time, for accoixliug to a 
taken by order of the Town Council iu 187f 
the number had risen to 42,0U0, showing 
increase of consideraltly more than cent. j>er ecu 
in four years. The nitable valne of the borou 
wliich is now a munici|»ality with eight electoral 
wai-ds, has correspondingly inci*eaaed- This ext 
onlinaiy pix>spenty has been mainly owing to 
establishment heiti of the great iron and 
works, of which we give an illustration on 
opposite page. These works ai-e of their kind 
largest in the world, ^i^d their history, like tliat 
the town which has spriuig up ai'ound them, 
tributes one of the most interesting chapters to 1 
annals of industiial enterprise. Commei 
only thi^e blast futimces by Messrs, r 
iUid Hannay, in 1859, they liavo gi^duaijj 
on increasing to then* present colossal jiropoitic 
The making of oitlinaiy pig iron was all that 
at tii-st attempted ; but this was c^uTied on 
such remarkable success that, a few years latcrJ 
namely, in 1865 — it was resolved to 
works for the convei'sion of the pigs into hteel 
rails, tyres, axles, plates, Are. For this pur^jtocn^J 
company, promoted by Sir James Kanisden, 
foruied under the chaii'manship of the Duke 
De^'oushij'e, to whose fosterbig cai^e Barrow 
mainly indebted for its iiipid devi I 
Duke of Buccleuch, who owns much < i 
of the mines in the district^ has also ialcea 
active share in the initiation of tlie Bmrow 
dustries. The new com|mTiy purchased 
Schneider and Haunay's works, and aluo tlia 
terest iu their rich luematite mines. The 
oi"© is better adapted than any other for 
sion into steel on the Bessemer pi*ocess, luii] 
it was considered that the establLMhmenl id 
for carrying out this valuable [inKsess on an 
8i\e scale oould not fail to be a siiocesa. Th« nwi 
sanguine anticipations of the shai-eholdcrs Iia*! 
since been i*eidised. The avenige dividend jsinfll 
the comuiencement has been about 20 per ciait-^ 
per annum* In addition t<> the Duke of D«vqd- 
shire, the three torate includcnl Loixl Fnwlerick 
Cavendishf Sir James Kamsden, Mevsrs. Sdmeidff, 
Hannay, John FeU, and J. T« Smith, the res|ia&* 
sible manager. 
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T)ie works are situated on an open plain, east- 
ward of the channel that divides the Isle of Walney 
from the mainland. On a clear day, wljen viewed 
as a whole, with wreaths of white aiiioke from tlieir 
lofty chimneys saUing away to the distant hills 
where Black Coomb ** looks fmrn his giant thi-one " 
acroFis the Irish 8ea, the works present a scene of 
mingled activity and picturesqueness, irresistibly 
suggestive of man's rivalry with Nature for mastery 
over foreeii of which flie latter can no longer claim 
a monopoly. Kumeroos lines of railway divide the 
Iron Works fi'om the Steel Works. TIio former, 
which are represented on the left-hand side of the 
illustration, consist of sixteen bhist furnaces, wliich 
are capable of turning out 300,000 tons of pig 
iron per annum. They are 60 feet in height, 
and have an avemge diameter of 20 feet at 
the boshes. In front of the furnaces are the 
neatly-finTowed sand beds, into which the molten 
iron is run into pigs. Tlie process of tfipi>ing the 
furnaces presents a beautiful appearance, especiiLlly 
4it night-time. Raised above the pig beda are the 
inclined planes, up which, by means of winduig 
engines, the railway trucks containing the ore 
and fuel are drawn to the top of tlie furnaces 
to discharge their contents, Tlie fuel used in 
reducing the ore is coke, with a proi>ortion of lime- 
stone used as a flux. The former h brought fixjm 
a dbitance, as no coal has yet been discovered in 
Fumess ; but the latter ib found plentifully in the 
neigh l)onrhood. About 1,000 tons of coke are con- 
sul ned at thc^> works eveiy day, and the anutml 
consumption of ore (hfemntite) is over liidf a million 
tons. The engines for supplying the blast are 
plrtcetl in the rectangtdar buildings in the rear of 
the fnrnacea. To watch the movements of these 
enormous machines is to be impi'Ciised with the 
conviction that they are fearfully and wonderfidly 
made. Tliey seem to be endowed with the genius of 
tlie }K)etry of motion. Tliey have an aggregate force 
of 4,400 hoi*se-power. It is hanUy possible to give 
an adequate idea of their marvellous mechanism, 
of their tremendoua power, or of the splendid order 
in which they are kept Behind the fui*naoes, and 
communicating with them, i-uns at an elevation 
from the ground a cyhudrical tube 700 feet in 
length, containing the air required for the blast, 
imd which before entering the funiaces m heated 
in enormous atoves to 800 '^ or 900^ Fahi'eiJieit. 
Farther in the rear towards the ch^inel are situated 
the terraces of boilers which supply steam for the 
cnginea. No coal or coke ia used in heating tlie 
boilers at the Iron Works. The fuel brought into 



semoe for this puqiose consists merely of the j 
generated by the combustion and fusion of the < 
limestone, antl ore, in the blast furnaces. Thiae 
giisea are conveyed to the boilers by means of pi]ie9 
truncated from the blast furnace towatxls the topu 
Formerly bliist furnaces were constructed with open 
tojis, and the gases wei-c given o»U wnth a brillian^f J 
that lit tip the surmmiding country for many niili9^J 
The loss of this weird picturesqueness Iwis been 
moi*e than comjiensated for by the great saving i 
coal whiel* the adoption of the closed or bell'to|i 
principle has effected. Of the 300,000 tons 
pig iron atmually turned out from these six been 
blast furnaces, about one -half is sejit into tb0 
market to t>e manufactured into finished iron el* 
where. Tlie other half, or about 1 50,000 tons, ig 
matle into steel by the company. 

The history of the Steel Works (see the range ( 
buildings to the right of the lines of railway in thel 
illustration) h the history of the Bessemer proc6SS|I 
which from the successful and gigantic operations! 
carried on here, has now been faii^ly e&tablmhed 
one of the most remarkable discoveries of the age, 1 
The Bessemer process, which will be fountl mnr^l 
fully described in another |x)rtion of this work, [ 
consists of the convei-sion of iron into steel by the j 
atlmixtui*e of a small propoilion of spiegeleisen after j 
the molten pig iron has been fi*eed from every con- 
tained impurity by a powerful blast driven thmugh 
the mass when in the converters. Tliese oonvcriera I 
are large, somewhat oval-shaped retorts, tmnciited - 
at the butt end, and have a capacity for 6 tons of 
molten metal. When Mr. Bessemer fii^t ex]>iaintyl 
his process to the assemblod scientists of the British 
Association, he was laughed at by the mnjority of | 
tliat learned Ixxiy. To commeuce with being ridi- 
culed, liowever, seems to bo a sine qtid non of] 
success in this world, and most "enterprises of grrai ( 
pith aTvd moment " ai^ initiated in laughter. But 
Mr. Bessemer has long since lived down ridicule^ 
and his process, thanks to the splendid tiuiiupnila- ! 
tion it has undergone at these great works at 
Barrow, under the superintendence of Mr. J. T* 
Hinith, has affected n complete industrial revolution. 
The manufactui-e of iron rails is now all but dia- 
carded, while the immense superiority of those made 
fi-om Bessemer steel is nni\'en?ally acknowMgod, 
as thoy hist six or seven timea as long aa iron nula 
Nearly all the gi*eat railways tliat have I "eon coih 
structed botli in Euroi>e and Amcrioi of hitc rcani 
have been supplied with rails fi'om Rirrow. 

The vast workshop in whicli these Beaaemar tuHl 
aie manufactured coimist« of one great ahadi YM 
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feet in length and 300 in wuHh, The whole is 
covoi-od with a roof divided into three bays^ and 
supported on Mi*ougbt-ii*an gii-dera, weigLing in tlie 
__ _ ^^ ions. The scene within tliia gi*eat 
bive of industry, wlien the varioas operations 
are in full play, is of the most animi^ted and 
intei-esting character* Leaving the Iron Works 
by a light iix)D foot-bridge that ci*0S4jes the niilway, 
and entering tlie Steel Works at the noith end of 
shed, attention is at once attnict^fl to the men 
BLged at their perilous work in the hnge cijxuhir 
pita, round which are ranged the moulds into wliieh 
the white-hot liquid steel is run when tJie con- 
verters are really to be tapi>ed. Tlie re are eight 
of these pits, each sup]>hed by two converters, 
ITiese immenjse retorts are raised a little above 
the pita» and are movable as on a pivot. The heat 
given out during the process of tilling the moidds 
m intense enough to l>e anythiug but comfor-t- 
ftble even to the sjiectator, whose astonishment is 
awakened at the fire-resii^ting vii-tues of the men 
in the pit, who are engaged in raking about 
the molten contents of the converters overhead. 
Until recently the converters were supplied by 
tlurty-four cupola furnaces, eighteen of which were 
naed for meltbig the pigs, and sixteen for the 
ftmiou of the spiegeleisen. But the pixjcess of 
melting the pigs hais now been done away with, the 
molten iron being conveyed in vessels oonstructetl 
for the iiuqjose, dii-ect from the blast fumaces at 
the Iron Works. Tlie convertei-s are supplied with 
tiij'eres or smalt aj>ertures through which the bhist 
in driven at a pressure of 25 lb. to the sqnai^e inch. 
At a certain st4*ge in the blowing operations, a beau- 
tiful pyrotechnic ilisplay is protliieed. The engines 
re^juii"^ for driving this powerful bList liave an 
aggregate foi*ce of 5,000 horse power. When the 
procesA 18 finished, and the spiegeleiien ha.s Ijeen 
addeil, the metal is nui into the moukls already 
alluded to. Wlien sufficiently cooled, tlie ingots are 
tekenout of the moulds and wheeled on small trucks 
to the ga»-regencmting oven, situated lower down 
in the abed^ to lie re-heated. Opposite these ovens, 
and occupying the middle of the slied, are a series 
immeiLse steam liammei^, under which the ix?- 
ingots used to be placed to be benten as 
with the hammer of Tlior. But the methml of 
hammering the ingots is gnidually being discou- 
tinned^ the squeezing process being now in more 
favour. When, therefor©, the ingots are taken 
from the ovens, men and boys may be seen 
wheeling the white-hot blocks aciTJss the buildiuf^ 
lo tho Jiiil millsj wliere the solid mass is squeezed 




out and gradually elongated until it at length 
emerges in seqientdike foi-m from the final levolv- 
ing gi-oove of the mill. It then stretches itself out 
ujK>n the floor, and being cut into the requisite 
length, is slided off while still red-hot to the 
nearest pile of fiiiiHhed rails. Tlie monster tly- 
wlieels to the maciiiiteiy used in the o]»enitions am 
placed in tiie middle of the building, and the 
rapidity of their revolutions keeps tip u pei*|ietual 
whirriug accompaniment to the thud of the 
hammei*s, the cluDging of masses of metal, and the 
roar of the fumaot^s. 

At a short distance from the southern entrance 
to the shed are placed the gas pTOducei-s for the re- 
heating ovens, and in the rear of these is the 
reservoii* belonging to the works. A ninge of 
buildings on the east or main enti-ance side of tlie 
entire works, consist of the gene ml offices of die 
comiMiny, engineei^' shopM, the testing hou.se, tfcc. 
In this last-mentioned department, demon sti-ative 
evidence of the vh'tue of Be^Jsemer 8ttH.d may be 
seen in the form of mils twisted when cold into 
fancy knots, sci^ews, and all mamier of fantastic 
aha]>es. 

The general organisation throughout the whole 
of this vast est^iblishment everywhere affonls evi- 
dence of the active brain an<l intelligent liu sinews 
cjipacity of its controller. The amicable relations 
existing here between masters and men have only 
once l>een temporarily disturbed, and on that occasion 
the dijspute was con lined to one section of the work- 
men. The conq)>any have ever l>een solicitous for 
the welfare of their eniployds. The [Mtjviaion cf 
adequate house accommodation, one of the gixsjit 
diHicidties they have had to contend with, owing 
to the rapidity of tlie growth of the [Rijudation in 
Barmw, ha,s been overcome ; the comiiany having 
either built themselves, or secured on long lease, 
whole stif*ets of comfoitable workmen's houses. 
The number of hmids usually employed in the 
works is alx>ut 3,000^ but inchiiling the men and 
boys employed at their iron mines in Furness nud 
the collieries owned by them in Yorkshire and 
South Wales, the company in their fortnightly 
wage sheet will have to pro^-ide for 10,000 chunks 
when tlie collieries are fully opened out This vast 
concern from cooii)amtively small begiinungs has 
grown uj) to it^s i>reHent unpanilleled magnitude 
under the active suyierintendence of Mr. J. T. ^Smith, 
who, by the eminent services he has rendered to the 
ii'on an<l steel manufacture, as a pnictical engineer 
and tulunnistmttjr of great works, has won for him- 
self a very wide and well -deserved i-eputation. 
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WORSTEDS AND WOOLLENS: WHAT ARE THEY 1— SECOND PAPEK* 
By Walter S. B* McLaren, M.A., Wobsted SriNXER. 



IN tlie first paper uiion this subject, it was shown 
tlaat the common klms on the distinction be- 
tween worated and woollen ynvn wei*e all more or 
less en*oneou8, and it was ix>inted ont that the i-eal 
(liflbrence between them lay in arrangement of the 
fibres leather tlian in the use of particular machinery ; 
for all the priiicii>al machinery used in woollen 
s]>iiming can also be used for worsted. 

To make i>erfectly clear the difference between 
the two sorts of yams, it may l>e w^orth while 
to state in a few wonls how each is made, pixjnns- 
IBg, however^ that as the various machines and 
process^ w*ill elsewhere l>e fully described, it will 
not lie necessaiy Lei's to enter into any details 
reRjiecting them : the object at present being 
meixsly to show that in all w^orstetl yarns the tibi^s 
are straightened out and laid imrallel to each other, 
while in woollen yams the reverse is the case. 
Let us fii^t tiike the four classes of w^orsted yams 
previously mentioned. The firet is made of what is 
called loiig-coml>ed wooh To straighten the fibres, 
and tluis pi-epare them for the comb, the wool is 
put through machines called ** gill boxes." The 
essential princii>le of a gill Ijox is that a pair of 
rollers at the back, which revolve slowly, receive 
the wool, and pass it forward to I'ows of steel pins, 
called **fallers," which travel forwanls by means of 
a jijiir of revolving Kcrews for a foot or eighteen 
indies, and then drop or fall down, and are earned 
bjick again by means of a lower juiir of screws, till 
they n^ach the rollers at the liack, when they are 
lifted up to their former level, and make the jouniey 
again. At the point, however, when the fallers 
drop— that is to say, at the |X)int where they reach 
the extremity of their foinrard jotirney — another 
jmir of roUei-s are fixed, which revolve mpidly. 
These draw the wool ofl' the fallers, so that they 
always make their return jouniey empty. Kow% 
as the fallera travel faster than the rollers at the 
Ijttck revolve, and as the rollers at the front revolve 
fHster than the fallers travel, it is plain that the 
nuiss of wool is drawn out thinner tliMii it was put 
in ; and that, as the rollera draw the fibres through 
the steel pins of the fallers, tlie fibres ai\^ cooKtintly 
being stniightened out, and are at last made into a 
comimratively smooth and level ribbon, called a 
*' sliver." A numljer of the^je slivei*s pat together 
are combed^ with the result that all the little him|jis 



and very short fibi-es of wool are taken out as " noil * 
or waste; and the long, smooth fibivs are laid lere 
side by side, and continue in the same i*ehiti^n 
position thi-ough the various pix^cesses till they are 
spun. 

For the second class of worsted — ^namely, that 
made chiefly of Botany and other short wool — tiie 
method of preparing for the comb by means of gill 
boxes is not suitable; because, the wool being short 
and fine, the rollers could not open it properly bjf j 
dmwiog it through the steel pins of the faller*! 
8uch wool, thei'efoi'e, is amled, to sepai'ate all th#] 
fibt^^ tuad open the little knots. It is afterwardi' 
comljed, and such knots as are left by the canls are 
removed, and the longer %vool is made to lie smooUi 
and level, as already deseriiMHl, 

Take, next, carpet yam, which la not combed at 
all, because it is neceasary to preserve as much of J 
the short wool as jx»ssible. The wool is fii"St cji«le<ll 
But when it comes out of the c«ufl in a rather tliick 
** sliver/' the fibi-es lie in all directions, and need tOj 
be stmightened. For this purpose, it is put throu 
four or ^ve gill boxes, similar to those already ( 
scriWL In this way, the fibres are mad© aln 
level ; but it is not possible to get the same perfw 
i^egularity as those who spin combed wool can easily 
obtain. This, however, from the purpose to wh 
the yt*rn is put, is not of much imjx)rtance, 

llie fourth class of worsted yam is that called 
" knickerbocker/' As there must be no knots of 
wool in it, the wool is combetl, after Wing either 
jirepared in gill boxes or carded, aec*iiiling to iti 
length and quality. It is then neoessary to 4Xiia| 
the silk noil wnth it; and to do this thoroughly,! 
the coml>ed w^ool is generally caixied along with th«| 
silk noil. After the carding, ^11 boxes cacrnot bti 
used to straighten the fibres, because the knots of 
silk would be pulled into large lamps, or 
t^iken out again. Tlie wool, Uierefore, ia atrmigliU 
ened by being drai^ni out l>etween pairs of rotleflv 
and by care can Iks made almost as level as if giO j 
l>oxes wei^ used. Thus it will be seen that, whatrl 
ever the sort of wool, or whatever tlie macluneif I 
thmvigh which tlie wool passes, the main jxiint loi 
Ije attended t-o iJi woi-ste*! spinning is to amuigt 
all the fibres in parallel lines, and to Lei them lie 
sm<M>thly» This continues down to the spii 
and thougli, ot* ctnu^ a certain amount of twiit ii 
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pat in to make the fibres hold together, it does not 
disarrange them or remove them from their parallel 
position. 

Let us compare this with the way in which a 
woollen thread is prepared and spun. The wool, 
after having been opened out by a machine called a 
teaser, willey, or de^il, Ls ecnbhled or carded. If 
the names are used accurately, it is said to be first 
scribbled and then carded, but generally the woixls 
are used indiscriminately. Finally, it is passed 
through a particular kind of carding machine, 
called a "condenser," the peculiarity of which is 
tlmt, instead of delivering the wool in one thick 
" sliver," or ribbon, it delivers it in thirty or forty 
thin ribbons, about an eighth of an inch in diameter, 
which are wound on to rolleiu These thin ribbons, 
or "slabbinga," are taken to the mule spinning 
fhune, and the yarn is spun from tliem. Now, in 
tiieee operations there is no attempt to straighten 
the fibfies. The wool is, perhaps, put through two 
scribbling machines and a condenser. Tlie fii-st 
ecribbler automatically feeds the second, and the 
second fee<ls the condenser; but there in sin im- 
portant difference between their method of feeding 
«nd that which is employ e<l for gill boxes. In the 
latter case, the ends of sevend slivers are put be- 
tween the rollers of the l>ox, and the whole is 
gradually pulled through len^thwat/s. But in 
jicribbling, the reverse is the case. If the wool 
oomea out in a sliver, there is att;iched a machine, 
which lays the sliver in regular lengths »ldeway8 
against the ** taking in " or receiving rollers of the 
next scribbler or card. If the wool does not come 
out in a sliver, it comes in the form of a broad 
sheet, which is lapped round a roller ; and when a 
certain thickness has been obtained, it is opened and 
tftkesi in by the receiving rollers of the next card, 
Bjr these means, any straightening of tlie fibres is 
rendered imi)08sible ; and therefore, when the yam 
has been spun it Is found that the fibres are lying 
in all directions. If any one takes a thi'ead of 
wonted and one of woollen, and pulls out the 
separate fibres, he ^oll find that those di-awn froru 
the former will only be slightly waved, while those 
from the latter will cur! up. Tins is, however, 
fiartly affected by the auiount of t^vist in the yiini. 
It has been said that woollen yai-n is spun with 
very little twist, so as to assist the felting ; while 
worsted yRm is twisted very hard. Tliia is not 
correct. No general iissei'tion can lie uia<le on the 
subje^ aa the twn«t de^iends on the quality of the 
wool and the ptirjjose for which it is to l»e used ; 
but it is quite clear that yam made of wool of 



medium length can be spun with leas twist for a 
given streiigtli than if it were made of shoii; wool ; 
and this is the more true now that materials like 
shoddy and mungo are used in nearly all woollen 
yams. 

Another remark in reference to carding and 
combing should l>e made. It is often stated that 
one rtiflson why combed wool is not so suitable for 
milling as carded wool is Ijecause the passage of the 
fibres thixjugh the steel pins of the gill boxes and 
comb breaks off the seixatures in the fibres or 
blunts their points. Consequently, they have not 
the same power of interlocking a^ befoi^. Wool 
that is carded, it is said, does not suffer in the 
same way, the effect of the ojxeration being to open 
the serratures and make the fibi-es rougher. It ia 
very unlikely that this is the case. %VTien it is 
considered that thei-e ai^ from 1,200 to 3,000 
seiTatures per inch in the filire, and that the wool 
is oiled before it is either combed or carded, it will 
l»e obvious that the action of the steel pins of the 
combs or the wires of the cards cannot have much 
effect upon the small points which are presented 
to them. But if any are bmken off, it is umch 
more likely that the breakage happens in the cartls 
than in tlio combs, for the treatment the wool 
i^ccivea is much rougher in the fonner than in the 
latter. As the fibres are tora and pulled by thou- 
sands of shoi-t wire pins, placed in rapidly-revolving 
cylindei-s, there is eveiy chance that if damage can 
be done to the i>oints of the sen^tiires it will be in 
the ojieration of cai-ding rather than in the com- 
pai-atively slow and gentle ojKiration of comlung. 
Bui the oil which Ls mixed with the wool, no doubt, 
])rotects the sermtui*es irom bi'eakage, and as it is 
iN?moved by scouring before the cloth can l>e milled, 
the sen^tures then i*emain free and open to inter- 
lock ivith each other. 

From what has been said, it will l>e clear that 
any definition of worated and woollen yams cannot 
dei>end on the machinery by which they ai-e maile, 
nof on the use to which they may be put after they 
ai^ spun. Neither can it refer to the length or 
quality of the wool. The definition must depentl 
entirely u|)on the characteristics of the yarn as 
seen in the arrangement of the filji^es. A worsted 
yarn, therefore^ may l>e defined as a thread sjjun 
from wool in which the fibres are an"unged so 
as to lie smoothly in the direction of the length 
of the thread and pamllel to each other. The 
fact that this smootlniess is not always obt*iined 
does not invalidate the definition, but simply shows 
either the refractory nature of the wooh or the 
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irai>erfection of the macLinery or workmanahip. 
The definition remains oon-ect, and the more nearly 
worsted yam approacshes perfection the nioi'e nearly 
does it appixiximate to the above definition. A 
woollen yam, on the other hjind, is a tlircad apiin 
from wool in wMch the fibi^s are arranged so as to 
lie in every direction, and cross and overlap each 
other that they may pi-esjent their serrated surfaces 
in the gi^atest \'ariety of directions, Thia crossing 
and ovei'hipping of the fibres ia the cbai-acteristic 
of woollen yarn ; aiad wlmtever change thei^ mi«y 
be in the machinery by which wool is spun, the 
object of the woollen spinner will always be to have 
yara in which the serrated surface of the fibi'es 
will present themselves in every direction, while 
tlie object of the woi-sted spinner \vill be to have a 
smooth and level thix^ad. 

It might be supposed, when such is the difierence 
between these two soils of yaiTi, that it would 
always be easy to iUstinguish them. Generally 
it is easy ; but if a quantity of, say, short fine wool 
bo divided, and half of it spiui into worsted and 
the other half into woollen yam of the same tliick- 
nesa, jind with the same amount of twist, it Ls 
surprising to find how little difference there is 
between ihem. Nevertheless, a person who is 
engaged in the trade can, as a rule, tell at a glance 
whether any yam is woi'sted or woollen. But if 
a stranger were to undertake the task, he would 
oflen be puzzled; and this woidd be especially the 
case if the yarn wei'e woven into cloth. This is 
a matter of great importance im regai'ds the 
customs dues imposed in other countries. The 
definitions stated above are all that can be given : 
but they would not be sufficient for a custom-house 
officer who had not a practicrd acquaintance with 
the materials in question j luid they would lie of no 
use to him if he had to deal with worsted or woollen 
cloths, esijecially if both were milled, as is some- 
times the case. The question of whether thei'e 
should ltd customs duties at all it is not pro]>osed 
to iUiicuss ; though it may be remarked, in passing, 
that yarn as a semi-raw material, which must be 
woven Uifore it can be of use to the consumer, 
should not be treated as if it were a finished aitiele. 
But, however that may be, it is of great importance 
that if there are duties they should be levied ujKjn 
woi-hteil and woollen fkbrita* alike, and that they 
should be ad t^alorem rather tluin s|x^cific. Woi^ted 
fabrics especially are so often mixed with cotton or 
other m&teriiil, that 8{)6Cific duties give rise to 
CI I ' I iiites and misundei-Htandings, To attempt 

X*j „ 'i'^h, for ciistom-huu^e purposes, between 



worsteds and woollens is to increase such disputes 
still further, for the ever-changing fashions and 
modes of mautifiictui^ I'ender the task hojieleaa. 
For maniifaettiring purposes the distinction lietweeit 
tho two is clear to tliose who care to umlerstand 
it; but if foreign Governments resolve to le' 
duties they should be content to arlopt the 
tnlorem i>rineiple, and thereby as little as 
to harass manufticturers. 

Having said so much of worsted, a history 
name may l>e of interest The derivation of 
word ** woi-sted " has been a matter of some dispute. 
The one genemlly accepted is that the name of 
yam is derived fixim the town of Woi'stead* in No] 
folk, eitlier l>ecause it Wiis firat made there, oi 
beciiuse the spinning of this particidar class of yam. 
was there carried to a high degree of exoeUenoe. 
Another explanation is that the name is a cx>r- 
rnption of the Dutch wonl osiade^ which meass 
a worsted thread. It is sup|X)®ed tliat the Flemuli 
weavers who settled in England in the time of 
the Conqueror, or shortly afterwards, introduced the, 
spinning of this yam, and called it by their own 
woixl mtmh^ which became changed into " worsted." 
A third derivation is given by Archdeacon 
Nares, who says that tlie " woollen thread, yanv 
and stutF might naturally be termed ** wool&tead " »&, 
being the staple or substance of the wool ;" and wm 
coiTupted to woi-sted by the common change of the 
letter I for r. It is argued that worartcd yam 
must have been known as long as the spinning 
of wool or the manufactiu^e of cloth, and lienos 
the name could not have been derived from that 
of the town of Worstead, but rather the name of Uiei 
town must have been derived fixim that of the yam, 
Tliis explaimtion meets with but little favour. It 
cei-tainly is plausible, but appears to be found^nl on 
the assumption that the class of yam in questtou 
has borne the name of worsted since it was ficrt^ 
made. For this conjecture there does not setm 
to Ije any fotmdation. Tho spinning of long wo<^ 
probably preceded that of short wool ; but it by 
no means foUows that the yam so produced was 
called woctlstead or worsted. Tlie probability is — 
?ind we do not know of any piXK:)f to tho contrary^ 
tliat there was no distinction in name between the 
two cljisses of yam (if, indeed, two claases exi^it^d) 
for many centuries after wool was first sptin in 
England ; and it is known thiit even in tlie time of 
Henry VII. worsted and woollen yams and fabrics 
were sometimes callcKl " woollen ** indiscriininately. 
With the rude spinning-wheel used in early tliiMS all 
the yam woidd be spun in much the same waJi 
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^ende4L\ our bt?ing to obtam as long a fibi-e as possible, 
And to liave all tke fibi*es lying in the same direction. 
This would constitnte it woi^ted yam by natui*e 
(tliough rou^b) ; but no doubt it would simply Imj 
called ti tbread made of wool, or a woollen tlireiul 
At some jjeriod, bowever, a 8e|mratton between the 
two cltifises of yam must have arisen; and tbis 
is most likely to have taken jilace at a timo 
when a decided impi-ovemenfe in spinning and 
mimufiictming was introduced, and at the place 
where the improvement origiimted. Now, in tbo 
reigns of Willium the Conf]ueror and Henry I,, 
such improvements were introduced, owing to 
the settlement of Flemish weavers in England, 
^nd especially in Norfolk, Norwich, and the 
other towns in the county — of which Woi^stead was 
one — were the cldef places where these Flemings 
nettled. It is believed, tlierefoi*e, that those who 
carried on their businesa in the town of Woratead 
turned their attention to spinning, and pi-oduced 
a yam which became famous under tbe name of 
woTBted yam. Tlie improvement, no doubt, con- 
msted in a better method of sti-aightening the 
fibi^es, which, as has alreatly been explained, Ls the 
ilistinguiBhiog feature of woi-sted thread ; and [x>s- 
fiibly the improvement consisted in some rude 
method of hand combing. If so, the short wool 
thus separated from the long, and all tbe wool 
which was not thus prepareil by the spinners of 
Worstead, would be spim in the old-fasliioned way, 
and would retain its old name of woollen thread. 
As the town of Worstead is mentioned in tbe Dooms- 
day Book as having existed in the time of Edward 
the ConfeflBor, it is cle^r that it cannot have derived 
itH name from any manufacture introdticed by 
Flemings in tbe time of William* This tends 
to tipaet the theory tlmt tbe name is derived from 



ostade, and makes it more probable that the Dutch 
mune ostaile is derived fmrn the English worated, 
because tbe greitt bulk of Flemish woi-sted fabiics 
were made of long wool exported from England, 
and esi>ecially from Norfolk. But though it seems 
almost certain the town of Worstead luul acf|uii*ed 
that name befoi*e it was given to a specird kind of 
yam, and that thus the yarn derived its name fi*om 
the town whei-e it was made, yet the derivation of 
tlie name of the town is, no doubt, ** Wolstede," 
or tbe ]dace of wool ; and, according to Mr. Geoi^ 
Taylor, it is so called in tbe oble^ documents. 
Long ago the place may have l>een a wool 
market or place for ** pitching " wool^ fi*om being 
in a convenient situation : and thus it« name ai'osa 
Curious it is that a town should first have gained 
its name by being a station for tbe raw material, 
and alter somewhat altering that name, slionld 
ill its turn have given it to tlie manufactured 
article. 

There are no mcAns of telling precisely when tbe 
name woi-sted was first given to yam spun fi-om 
wool Tbe first time it is mentioned is in tbe 
eighth year of Edwanl II. (1315), when a com- 
pljiint was made to Parliament that the clothiers 
of Norwich who manufactm^d worsteds, cogwares, 
vesesj or old bames (all of wliich name^s signified the 
same cbiss of goods), were making them twenty-five 
yards long instead of thiity, and yet were selling 
them as if they wei*e full length. From this time 
the name woi'sted often occurs, and the yam seems 
to have been spun in other parts of the country. 
The town of Woi-steatl, however, long remaintnl one 
of the chief, as it is admitted to have been one of 
the first (if not the first), scats of the worsted ti'ade 
in England ; and its cbiu'ch was built by the 
Flemish weavera 
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HEMP, FLAX, Am) JUTE.— V. 

now FLAX IS PULLED, RIFFLED, AND EETTED — EXPERIMENTS IN EXTRACTING THE PIBRK. 

By PaVID BltEMNBH, AUTHOE OF ** ThB IxUUdTKIM OP ScOTUkJf©/' 

N ortler to secure the largest amount of fibre, stems are irregular in length, and when aucli 10 



flax, instead of being reaped, like wheat and 
other crops, is piilJed up by the roots. As the 



case, the long and shoit stalks have to be kept \ 
nite, and a gieat wast© of time is the consec^ueiioe. 
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quality of the fibre defjends on the degree of ripe- 
nees that the plant ha8 attained at the time of 
palling, care has to be taken in the selection of 
the best time for performing that operation ; and 
usually the period of the in- gathering of the crop 
is an anxious one with the flax fanner. Fine 
weather Is essential at the time of pulling, and 
waiting for that occasionally leads to the crop be- 
coming over- ripe. The persons employed to pull 
the flax have to exercifie great care in their work. 
Owing to circumstances connected with the prejja- 
mtion of the ground^ it sometimes hap|>ens that the 



Knowing this from experience, the dkrtdtr twnudlj 
does Ids best to avoid iiTegular growth by makiii 
Ilia git>und as fineiand level as poasitUe, and ooTmiti 
the seed to an equal depth. When these precautiu 
have been taken, the crop will come up of an ere 
length. Hie pullers seize a handful of utalks jv 
1x40 w the hoi Is, and, having drawn tlie roota 
tlie enrth, Hhake them to remove the soU. Itt < 
to facilitate subsequent ojiomtionR, the hantUtihi 1 
placed one over the otlier in a diagonal {lOBat 
so that they may l>e ke[it distinct, and ihas j 
are bound into sheaves. 
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Tlie next thing to be done is to Btrip off the seetU 
vessels, and this is usuaJIy accomplish e<l on the field, 
aimultaneously with the pullmg. Even when gi*owth 
of seed is restrictefl, in oixier to irapmve the fibre, 
it ifl a valuable part of the crop, the 7i€4il of an acre 
being worth from <£3 to j£i. Tlie process by which 
the seed-vessels are removed is called ** rippling," 
and tlie apparatus employed, which is of t!ie simplest 
Idnd, is known as a "ripple;" It consists of a 
row of stout spikes of iron, fastened to a [)lank 
supported on trestles. The most approved ripples 
are made of squai'e ro*ls of iron, eighteen inches 
long, half an inch thick at the lower end, and 
tapered slightly towards the point. Tlie ripple is 
fixed upon the plank in a transverse position, 
and the pei-sons using it sit astride tlie plank at 
either end. A large sheet Is spi-ead beiieatli, to 
receive the bolls as they are stripped off, Some 
sheaves of flax having been supplied to the lipplens, 
they are ready to begin operations. This they do 
l»y untying the sheaf- bands, and then, trdcing up each 
tt handful of flax, they draw the upi>er part thi-ough 
the ripple. The bolls, being too large to pass be- 
tween the spikes^ become detached, and tumble into 



the cloth beneatk As each handful is rippled, it is 
deposited on the ground, being, as in the case of 
pulling, kept distinct from its fellows hy l^eing placed 
diagonally. When the sheaf is comideted, its hand 
ie again p«t on, and it is set aside ready for the next 
process. Should the weather be favourable, the bolls 
are allowed to remain spread oiut on the winnowing 
sheets for a day or two to dry, being turned from 
time to time. In or^ler to give the air freer access 
to the seed, it is usual in such cases to riddle out 
the straw and leaves. When the weather is not 
suitable for diying in the open air, the bolls are 
taken indoors, and spread out thinly on the bam 
floor, or other convenient jilace. By being dried 
slowly, the seed has time to imbibe all the juices 
that remain in the liusk, and to become perfectly 
ri|)e. If dried hun-ietlly in a Idln, the juices would 
be burned tip, and the seed would become shrivelled 
and parched. The seed is flu ally separated fmm the 
husks by thi-ashing and fanning. Though the seed 
is so Viduable in itself, and the husks supply food 
of a most nutritious kind for cattle, flax gixiwers ai*e 
in many cases so blind to their own interests, that 
they avoid the trouble of rippling, and send the flax 
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to be steei>e<l with tlie bolls on, and conseciuently 
Biicrifice the seed. 

In the descri]>tion of the flax plant given in a 
jirevioms cljnjiter, it was stated tlmt the stem was 
comix>aed of a woody coi^ encaseii in fibre, the two 
being closely nnit**d by a glutinous substjince. The 
fii-st pi'ocess in ptxjpaiing the flax for the manMfac- 
turer is one whereby the adhesion between the paii^ 
is dissolved, axid tlie sefiaration of the fibi^ made 
[K)«sib]t\ According to carvings in their tombs and 
temple.s, it would api:)e4ir that the early Egyptians 
accomplished this in the way still preferred by the 
flax gi-owers of Eurofie— namely, by steeping the 
flax straw in water. Many attempts have been 
made to improve on this method of extracting the 
filire, but the rt^svilts so far have not been satis- 
factory. By the use of chemicals, some inventors 
have endeavoured to i*©duce the time requii^ed for 
steeping, while othens have aimed at the same end 
by heating the water used; others, again, have sought 
to get out the fibre without wetting the straw. The 
wlour given ofl* by the decay of the soluble parts of 
the plant is very offensive, and that Ls perhaps one 
of the airongeat objections to steeping, or *^ retting," 
as it is technically designated. The Belgians have 
long Wen famous for their successful ti*eatment of 
flax at this stage, and the system of steeping prac- 
tised in the Courtrai district is believed to be the 
l>est known. It is thus described by Mr. Warden : 
'*The flax is placed perp«^n<licularly into wootlen 
cr.ites or frames, alx)iit 12 feet long, 8 wide, 
and 3 deep, tied up in small sheaves bound -with 
ijands. It is f Kicked close together, the sheaves stand- 
uig on the butt end, which prevents any damage 
to the top. The flax is well coveretl with straw, 
and the cmt^s are then launched into the river Lys, 
and kept under the water with large stones. It is 
never allowed to sink to the bottom of tlie river, 
because the mud would damage the fibre ; and tfie 
nearer it m kept to the top of the water, the better, 
as the heat of the weather quickens the process. 
Wlien the noceasary change has taken place, which 
is known by the woo<ly part pidling out of the 
fibif' for 6 or 8 inches, the cratea are hauled on 
shore, where the flax is impacked and cartetl to 
the grass. The sheaves are then plneed on the butt 
end to dry ; and after this is thoroughly done, winch 
it will \m in two or three days, if the weatlier I>e 
fftvourable, tlicy are ready for stfickiug. The process 
of bleaching or stacking is performed by the farmer 
at hi» leifiure, but March is a favourable month for 
this operation. Steejnng is a regular trade to many 
men, and two or more unite in the poasesnion of a 



number of crates, adapted to a given expanse of 
water, for which they i)ay no rent, and the Gorem 
inent protects them fi*om the interference of ship- 
2>ing. For many miles along both banks of this 
celebrated liver the steejung process is conducted^ 
and iiu-mei-s send theii* flax long distances — in wine 
cases forty miles by land — to be steepeti Stacking 
the flax for some time after it is steeped is «** 
to enhance the value, particularly with resjicict 
colour.'* This mode of sfcee[jing has been tried 
various jmrts of Irelaod, but only to a limited! 
extent, as the fishings in the riveis are too Taki- 
able to lie sacriiiced to the interests of the flax 
producers* Yisitoi-s to the flax-growing disfcriels 
mnst luive ol)8erved at frequent intervals along th 
banks of the sti-eams pits of various sizes, but non 
having a depth of more than from 3 to 4 
These are the " lint holes," in which the flax i 
stopped just as it used to be in the earliest dayi 
of the linen manufacture in Ireland. When the] 
steeping is in pTOgress, the stench that arisen fron 
tlie pits is excee<lingly offensive, and makes it 
ajiparent over a wide area. The pits are filled witlil 
water some time before the flax is put in, so tba|J 
the fluid may be softened by the action of the 
and aiiv Into each pit one layer of sheaves is patA 
in a slightly inclined i>osition, and with th© rooti^ 
tiownwari A covering of straw, or nishes, anJ 
tlien one of sods, is placed over the flax, and vt&nmj 
are used to kee^ the whole under water. In ahoa 
eight days aft^r deix)siting the flax in the pit», it wiU 
be found on examination that the glutinous matter 
which binds the fibre and the core together has I 
almost, if not quite, dissolved. Should the openition ] 
l>e comjjlete, tlie flax is I'emoved fmm the water j 
without delay ; but it sometimes ]ia]i|»ens thiit,J 
owbig to the hai'tineas of the water, or the Ion 
tempei-ature prevailing, steeping for twelve or eve 
fourteen flays is neoeasaty. As it is important thai] 
the flax should be taken out of the water as soon ^ 
as } possible after the desii'ed change has tulreii plac^e. 
the peraous in charge of the pita test a ftw straw;! 
at intervals. Having ascertaiued that the retlixig 
is couiplete, they either alliw the watar to nin ofii 
or they enter tlie i>its and lift the sheavea carrf^Uj 
out of the water. The flrst of these modw of pro- 
ceeding is 8tit)ng1y condemned, as it not only pol- 
lutes the rivers, but wastes what is really a raJoablt 
manure. Another objection is that the wattar 
nmning off leaves behind it and dmw« into 
midst of the flax all the mud atul scata Uiai c 
have accumulated in the pit Mr. Cbiurley ttiyn:! 
** The oidy pro})er way of i 



FLAX— SUBSTITUTES FOR STEEPING. 



173 



I 



I 



I 



rnnke the men stand in the water, for then the 
bundles are wa-shetl and cleanjsed m tilting oat, 
ttncl the liquid can be kept in the pook till Bpi-ead 
over the meadows j or, if not thua usetl, it can be 
ntn off into the streams during the first flood or 
fresh, at which time its presence would scarcely be 
felt or remarked." On being i^moved from the 
water, the sheaves are set on end and allowed to 
drain for about twenty-four honra. The flax is then 
carried to the meadows, where tlie sheaves tire un- 
bound, and tlie straw lt\id out in a thin layer on the 
grass. Exix>sui-e to the air in this way bleaches the 
fibre, and also renders its sejiaration moi^ easy. 
Six to eight days if the weather be showery, or 
ten to twelve if it be dry, is sufficient on the 
giaas, tlie straw being dui^ing that time turned 
over seveml times, in order that it may be equally 
bl^hdied. When sufficiently " grassed/' the flax Ls 
gathered again into sheaves, and stacked rciidy for 
scutching. 

Of tlie many plans tried as substitutes for the 
steeping process, One or two wliich gave promise of 
sadsfactoiy reaidts may be mentioned. A Btdfast 
gentleman named O'Reilly suggested, seventy yeai^s 
ago, that the sepai-ation of the tibre might be accom- 
plished by boiling the straw in pure water, or^ if it 
wei'e desdi'able to hun-y the process, in a cuiustic lye. 
An alternative proposal made by him was to sus|>end 
the flax in a steam-tight chamber, witli a Iwiiler 
attache^l from which steam was to be Lutroduced. 
For many years these suggestions appear to have 
jiaasetl imheeded ; but, at length, somewhat similar 
ideas occun'ed to two inventors, w!io gave tiiem 
inmelical shape. The fii^ of these was Mr* Shenck, 
wlioae patent retting process foimd high favour 
about twenty-five or thirty years ago. His plan 
was to construct pits line<i with wood or cement, 
with a coil of f^ierfomtetl piping on the floor of each. 
The flax was dejwsited in these^ water was allowed 
to flow in, and then, by turning steam into tlie pipe, 
the bath was raised to a temjx'nitnre of 80" to 
90** Falir, So rapidly was fermentation inducc^I, 
that usually about 60 houi^ sufficed to complete 
the retting. The fibre of flax treate<l in this way 
WHS regarded as being nearly e<^ual in qnality with 
that obtained in the onlinary way ; but the exi>en3e 
of the piXMJess was considered to outweigh any 
advantage it offered over the old mode of steeping, 
and it gradually went out of favour^ Mr, Watt, of 
Belfast, sought to improve on Shenck's process, by 
subyecting the flax to the action of steam. The 
to be operated upon was placed in a close iron 
iber, and the steam was admitteil through a 




pipe in the bottom, and forced its way among 
the stalks until it i*ei\ched the mof, where it 
was condensetl, and in that foriu drop[>ed U[ion 
and thoroughly saturated the flax. After being 
subjected to this treatment for from 12 to 18 
hours^ the flax was taken out and immediately 
passed between heavy ii'oii rollej*s^ wliich pressed 
out the moisture and detached the fibre fi'om the 
wootly pai-ts. The flax, having been dried in a 
steam-heated room, was ready for the scutchers. 
The following adv^mtages were claimed for Mi-. 
Wattes proce^is : — Saving of time, economy of fibi-e, 
avoidance of nuisance, and Ijeneficial api^Ucation of 
wiiate pix>ducts. The pi-ejudlce — if we may call it 
so — in favour of steeping in the old-fashioned way 
was, however, too strong to admit of the genenil 
adoption of the system, witich, it was alleged, pi*o- 
duced fibre that was deficient in both spinning and 
bleaching qualities as com|>ai'ed with that treattnl liy 
steeping. With the oldest and most successful flax 
spinnei's it has always been an article of faith tliat 
without fermentation it is im})ossible to develop the 
best qualities of the fibiv, so that luiy process in 
which that is dispensed with is certtun to be coldly 
received. Tlie question of cheapness has also to be 
considered, imd as yet no plan has been proposed 
for the extraction of the fibre that can, in tlmt 
i-es[>ect, at all compaie witli steeping. 

Much intei^cst was excited among flax growers 
and manufacturers, in the early yean* of this cen- 
tury, V»y a flax-pi^pttring j*rc»cess pitented by Mv. 
James Lee, of Lomlou, The chief ol>ject of thi? 
inventor was to get rid of the steet>ing process, and 
lie produced a aeries of machines which sepamted the 
fibre without wetting. The mnchine.s through which 
the flax was siicces^sively passed were known as 
a tlireshing machine, a breaking machine, a cleans- 
ing machine, and a refining machine ; and to these 
was added a mode of blejiching the fibre l>efore Ixnng 
sjnm. So pii-Hidsing did the plan ap[»ear at first 
sight, that the inventor succeeded in getting it 
recognised as a national bfX)n. By a special act of 
Parliament, the sjiecifieation was ordered to be de- 
posited in the Coiu*t of Chancei-y, and kept secret 
from the public for fifteen months, and then to be 
produced only by the Loi*d Chancellor. Mr. Lee 
also had the time for the completion of his specifi- 
cation extendetl from six montlis to se^^en years. 
He brought his invention under the notice of the 
Irish Linen Boai'd, who regarded it with high 
favour, find negiDtiations were advened for tJieir 
pitrchasing the pntent nghts — the price mentioned 
by Mr, Lee being £100,000 down, and £30,000 a 
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year during the endiimnce of the patent. Luivd 
by the reception thus given to the new machinery, 
a number of mannfiicturers procured Bete, and 
applied theniselves to the accumulation of that 
wealth which they were assured waited u|K>n all who 
would but abandon the old mode of treating flax 
and lulopt the new* It was not long, however, before 
they found that they had been captivated by, t^ usie 
the words of one of thera, ** a dazzling but ilhisory 
experiment." The quantity of fibre which Mr. 
Lee*s machines tuiTied out was bo abeurdly small in 
comparison with the cost and bulk of his appai'atiiB, 
and the fibre so unfit, by its shortness, for spinning, 
that all who engaged in the new enterprise came to 
the conclusion that they had made a gi-and mistiike. 
Tlie consequence was that Mr. Lee's invention was 
fiWndoned, in tlie face of the patentee's assertion 
that if the linen manufticturers of Ireland did not 
accept his offer, their tnule woidd go to England, 
At a meeting of Enen merchants of Belfast and 
Lisbnrn, held on the 27th of February, 1816, it was 
agreed to present a memorial to the Linen Board 
with refei-ence to Mr. Lee s invention, and tlie en- 
couragement which the Board had given to it. Prior 
to the date of Mr. Lee*8 patent, the preparation of 
flax without steei>ing had been attempted in various 
Continental countries, but witliout sucoeas. A 
manufacturer in Rotterdam, on hearing of the trial 
of Mr. Lee's machines, wrote to a friend in 
Belfast; — "As to what you wrote me of tlie 
manner of breaking flax by machines, without 
water i*otting or dew rotting, I pi'esume you will 
noon rejjent of that invention ; we have tried it long 
sijice, but the linen made of it was of no Ijisting 
sti-ength." 

In some parts of Russia and Germany, and also 
in the LTnited States, " dew retting " is substituted 
for st-eeping. When the flax is pulled, it ia spread 
on gnvas fields and exjioaed t<» the weather for 
from 20 to 30 days, when it is found tliat the 
action of the dew and rain has disj+olved the glu- 
tinous binding of the plant. Mr* Warden aays : — 
"Flax prepared in this way is very apt to heat 
when exjKJsed to moisture^ and when kept in a close 
place with little fi-esh air. The fibre, however, is 
soft and silky, and well mlajtted for Kpinning into 
small sizes of yai n, and it requires a ahoi'ter time 
for bleaching, and therefore it is largely used It 
is Vfrj doubtful if the quality be so goo<l as it 
would have been if it had undergone tlie usual pro- 
ceis of steejiing in water instead of exposure to the 
action of the atmosphere, the sun, and the nightly 
iayim and rain*" Keferring to the iame Bul^ect, 



another high authority says :— " The want of thdl 
feteepmg is a vital defect, not easily remedied, even j 
by prolonged exjwsure to the powerfid rays of the'f 
sun and the mellowing influence of the nightly 
dew.'* Dew retting was at one time practised both 
in England and Ireland, but never appears to have 
been much in favour. Some German flax growera, 
in dealing with the finer qualitias of stmw, steep it 
in a wa rm mixture of milk and water, which ui j 
said to produce vahiable results. 

At the Exliibition of 1851, specimens of flax 
wei^ shown which had been prepared by a proooB 
invented by the Chevalier Claussen. The samplct 
attracted a good deal of attention, and to inex- 
perienced eyes appeared to be a great improvement 
on flax prepai-ed in the oixlinary way. After being ^ 
rippled, the straw was [lassed through a machine 
called a bi*eaker, by "which it was crushed atul 
softened, It was then steeped in a succeaaioii of 
caustic and other solutions, which detached and 
bleached the fibre simultaneously. A series of six 
vats were inquired for the steeping^ the first of which 
contained a solution of carbonate of soda ; the secon<l, 
a weak solution of suli>huric acid ; the thiixl, su^la i 
again ] the fourth, a solution of chloride of lime and I 
sidphate of magnesia ; the fifth, diluted sulphuric 
acid ; and the sixtli, pui-e water. Tlie flax was ]>Lieed 
in a wooden cage^ and by means of over-head tackle , 
lifted from one Imth to the other in succession, 
Haviug been thomughly drietl, the flax waa cut inta j 
very shoi-t lengths by means of a machine somewhat ' 
resembling a chaff'-cutter. The inventor^s idea wa* 
to **cottonLse" the flax fibre, and fit it for being 
worked on cotton machiiierj'. He persevered with 
his ex]>erinient8 for some time ; but received little 
or no encouragement fix>m flax manufacturei^ who 
faileil to see any advantage in retlucing the %'^nluable 
fibi^ of flax to the quality of cotton- The yam 
matle from the *' flax cotton " was found to l>e very 
inferior in strength and eveimess, and its productioii | 
was abandoned. Tlie jury of the Exhibition did ' 
not offer any observations on the Chevalier'*^ 
invention, as it had not got beyond the expert*' 
menttd stiige, and they did not wish to say any* 
thing to discounige further trials. The prarttlca] 
men among them, however, were anything hut] 
favourably impressed by the new prooeaa and itaj 
products. 

It woidd api^ear that the idea of " cottonwiiog * 
flax did not originate with the Chevalier; for iti 
is on recoixl that several French inventofs mad^ 
ex[M^rinients with a similar object more than a 
century ago. 
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\^ matmfiictnre by the inventions of Hargreaves 
and Ark^Tight, it was far suqnisaed by that 
whicli re8ulted fmm the invention of the spinning* 
mule by Crorapton. Mr. 
French, iji liis biography 
of the inventor of the 
mule, says : — " During 
the period from the 
years 1771 to 1781 — 
which may be called the 
era of the jermy and the 
water frame^ both of 
tliflse machines being 
matored and in fill! 
operation — the in* 
creased consitmption of 
<»tton wool was 7G per 
cent ; while from 1781 
to 1791, the era of the 
infancy of the mule, the 
increase waa 320 per 
OHit." As the mule was 
adTanced to jierfection, 
the t Hide made enormoim 
strides. Our iiuijorts of 
cotton wool rose from 
6,766.613 lb. ill 1780 
(the year in which the 
mule was presented to 
the nation by tlie hi- 
ventor) to 32,288,186 lb. 
in 1791; 56,000,000 lb. 
in 1800, and 132,500,000 lb. m 1810. Kow our 
consumption is more tluin ten times the latter 
quantity. Not only did the manufacturt! undergo 
rapid extension by the introduction of the mule, 
bat its chaiacter was clmnged. All attempts to 
imitate the muslins of India had failed, in con- 
sequence of the bpinners beiug unable to make 
suitable yam ; but it wa3 found that the luitle was 
capable of pro<lucuig yam of the reqiusite degree o^ 
fineness and firmness, and immediately weavei^ in 
various fiaiijs of the countr>^ applied theniBelves to the 
task of rivalling tlie work of the Hinikx) ** tanty." 
They were not long in achieving coiiij)lete success, 
and in establishing one of the mo^t im|)ortant 
dnmdiesof the cotton manufaetui-e. It will natunilly 
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the history of the man whose? genius so lar'gely 
contributed to the development of our national 
industry, that his own fortune at iLnmi was as&uiied, 

and tJiat he itjceivcd 
some worthy recognition 
of his enterpnse from a 
grattTul colmtr)^ Such, 
however, was not the 
case, and the stor)'' of 
Samuel Crompton will 
ever rcniain a Vilot upon 
the well-eiinjeil i*epu- 
tatiou of the £nglish 
]K.^ople for justice and 
generosity, 

Samuel Ci*ompton was 
born in the yeiu- 1753, 
at Fu'wood, a small 
estate near BoltoiipWliich 
htul iieeii in the oi.'cupa- 
tion of the family for 
se\'eral generations. His 
father, who difMl while 
Samuel wius quite a child, 
was a man of some me- 
chanical genius, though 
not identified with any- 
thing that his son aocom- 
pi ished . Li ke n lont cliil- 
dren of hi8 class, Samuel 
was early set to acquii"e 
a knowledge of the ait 
of weaving at the domestic loom, and to that occu- 
pation his days were devoted, while his evenings 
were sfient at a school in Bolton, where he applied 
himself chielly to studying matliematics. "Wlien he 
was aljout sixteen yeai-s of age, he pi-ocured one of 
Hargreaves' spinning-jennies, on which he spun the 
yam he i*equinH| for his loom. Thus, alternately 
s|>inning and weaving, he i>assed tlie next five yeaiB 
of his life. Tlie family had left Firwood liefore 
the elder Cronipton's death, and now occupied a 
(lortion of an jincient maniiion known as llall-in-the- 
W*:io<l ; and in the solitude of his work room in tho 
qiiaint old jihice^ Sanniel had abundant oi>p5rtunity 
for meditation. When he was twenty-one years 
of age, he began to consider the possibihty of 
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constructing a spinning machine that would proiUice 
ft finer and haixler yai^u tlian cotilil be made in the 
jenny. He had heard of the exjM;?rimenLs itindf* in 
spinning hy means of rollers, Init was not aware of 
tlie detjiils of Aj*kwnglit\s inachiue. In his first 
attempts to realise his idea, he used oidy one pair of 
rollers, believing that the press\ire of these wonld 
be sufficient to elongate the ro\ing, and eontml its 
iwissago to the spindles. Finding this would not 
luit, he added another pair of rallers, and, by 
djuHting the two pairs at different speeds, canned 
them to di*aw out the ro^'ing to the i-etpiireil degne 
of fineness, Tliis was exjictly what Paul fii*st and 
Arkwrighfc Bubeequently had done, and it is 
remarkahle that it should have been accomplished 
by one who it is alleged had no knowledge of the 
inventions of either of these mechanicians, beyond 
a vague hint that some paii; of the spinning was 
done by the agency of rollers, Crompton's ex- 
j)enniental machines wei-e mostly made of wood, by 
the aid of u few tools which had belonged to his 
father. For &ve years he devoted every B|>am 
hour and spire shilling to tlie working out of the 
pix»hleiii he had set to himself, Wlien some parts 
of the machine were in progi'esa, he sacrificed even 
his hours of rest to the work At these times, 
says his biographer, ** strange and unaccountf^ble 
8t>tnids were heard in tlie old Hidl at most untimely 
hoin^; lights were seen in uimsual places; and a 
ritmnor became current that the place was hauntetl, 
fMiUiuel was, however, soon discovered to be himself 
the enilxxlied spirit, which had cfiused much fear 
and trouble to his family. Even when I'elieved 
fi^m the alarm of a ghost, they yet foun<l that they 
had among them a cmijuror I for such was the tenu 
applied in contenjpt to inventors in those day**, and 
indeed for long afterwards." He had all lait com- 
pleted his first spinning machine, in 1779, when the 
spinners and weavers of the Blackburn districts 
made their shoi-t-sighted raid njwn t!ie caiTliog and 
spinning machines which had been intnxhnx'd by 
various mannfactnrers. Fearing a risit fi-om the 
fliaoixlerly mob, who had wrecked a building a short 
distance from Hall-in-the-Wooji, Ci-ompton hfistily 
pnlled his machine to pieces and stowe*! it away 
in an attic, micess to which was gained by a secret 
triii>-door. When peace was r^tore*], he put the 
mjichine together again, and soon aft«rwai"*ls demon- 
strated its complete practicability. Meantime, he 
had married an amiable yonng woman, who enjoyed 
a high reputation as a spinner on the jenny. 

Having pro<hiced a small qnantity of yarn on Ids 
Jiew wheel, Crompton aubmitted it to the trade, who 



at once recognised its sujjerior quality. Tlie ; 
couple determined to keep the machine a secret, and^ 
work it solely for tlieii* own advantage ; but this 
they found it impossible to do. The denmnd for 
the new yam was infinitely greater than they could j 
supply ; antl soon the Hall was invadetl by nianiifiio«] 
tn lei's frnm far and near, who comj>eted w\\h mAA 
other for the possession of the produce of thtj 
** muslin-wheel/' as it now came to be called, inl 
consequence of the yam being suitable for tiidl 
manufacture of the famed Indian fabric. Admissioil " 
to the house was stnctly forbidden, and all sorts of 
stmtiigems were resoi-ted to with a view to worm- 
ing out the secret of the young inventor. Ladders 
were placed iigiiinst the windows of his working 
room, and on these ]>rying people crowded all day 
long ; but to little pui^^ose, as a sci-een shut off the 
machine fmm their gaze. It is stated that an inqui- 
sitive person got access to the oock-loft, and £]>rnt| 
several days in watching the operation of the wbeell 
through a gimlet-hole ! Arkwright is said to havdl 
been among those who paid surreptitious visits to] 
the old Hall. So i>ei'si8tent and annoying did th^j 
conduct of the prying crowd become, that CFomptoiil 
was diiven almost to despair. ** A few months,* 
he says in a ptiper that he wrote, " reduced me \ 
the cm el necessity either of destix)ying my machiiM 
altogether, or gi\'ing it up to the public^. To de- 
stroy it I coidd not tliink of; to give up that whicli 
I had laboured at so long was cnreL I hntl 
patent, nor the means of puchasing one» In pre»«l 
fei^nce to destiwing it, I gave it to the ptiblic.*! 
In t-aking this st^p, he yieldeil to the selfish eotinscli 
and deceitfid promises of some neiglil»oming uymti- 
fiictiu-ers, who led him to believe that if he put Ilia 
invention at the dis^josal of the public, he ' 
reap a rich reward in the form of Bubscriptia 
recognition of the gift. An agreement miin^nde 
the machine was drawn up by Crompton, and 
it about sixty films afllxed their names as sti 
scril»ei-s of a guinea each, and about half thall 
nnniljer as subscribers of half a guinea each. Th«1 
agreement was in these words : — •• We, irlujta 1 
names are hereto subsciibed, have agreed to give, 
and do hereby promise to jmy, unto Samuel Crooip- 
ton, at the Halhin-the-Wood, near Bolton, 
seveml sums opposite to our names, aa a rewnH \ 
Ixis improvement in spinning. Several of tli© prin* ^ 
cipal tradesmen in Manchest^er, Bi^lton, &c., baring 
seen his new machine, approve of it, and ar» of 
opinion that it would be of the gremtest pabtk 
utility to make it genoiTiIly knoM^i, to which i*nd a 
contribution is desired from every well 




COTTON— CROMPTOX^S HAEDSHIPS. 



179 



I 
I 




I 



the trade." In aecoi-dance vnth this, Ch-ompton 
Imiiileil over his origiiuil ixiachine, and it was 
edtgerly copied ; but no sooner had he let it go out 
of his poesesaion thati the subscnptionij ceii&e<l, and 
some even of those f»ersons who had set \heir names 
to the agreement took & mean advantfige of tbe 
inventor's simplicity of cliaracter, and i-efused to 
pay the trifling sum they had promised. The money 
obtained ^»arely enabled C'rompton to i-eplace the 
forty-eight spintUe machine he had given u]> by one 
of tifty-four spindles. As the miichine was an em- 
bodiment of the principles of both Hargreaven' 
spinuing-jenny, and Arkwright'a water fmme, it 
wiis called the spinning-miilcj and that name it le- 
tains to this day. 

An extraortlitiary inipettis was, as ali-eady 
remarked, given to the cotton mannfactyre by 
<'romptons invention. Having, at length, found 
a fiuitaUe yarn, weavers in England, Scothmdj and 
Ireknd tmned their attention to the piXMluction of 
muRlins, and soon drove the muslins of India out of 
the market The dii^ectors of the Eiist India Com- 
iy» in their reiwit for the year 1793, explain the 
fidling off in tlieir revenue by stathig tiiat ** every 
ihop offers Britiah muslins for sale, equal in ap- 
]iearance, and of more elegant patterns, than those 
of India, for one-fourth, or, perhai^a, more than 
one-third leas in price." The demand for mule 
yam became so great^ and the prices paid for 
Kfiinning it were so high, that many artisans, such 
as carpenters, Khoemakei*s, hattfi's, and smitlis, i-e- 
linquished their occujmtions and became cotton 
spinners. The mules spun only from rovings, and 
tfae«e were prepaixnl on some of Arkwright's 
machines, and also on the ** slubbing-billy," by a 
separaie set of work-jKjojde. The muslin weavera 
of Bolton shared largely in the prospci'ity of the 
time. They received four guineas for weaving a 
piece of six-quarter wide muslin, with 120 ]>ickii to 
the inch. " The trade," we &m told, *' was that of a 
gentleman. The weavers brought home their woi"k 
in top-boots and niffled shirts, cairied a cane, ami 
in some cases took a coach," Tlie fralic.s they iji* 
dtiiged in remind one of the later freaks of the 
micoeasful gold-minei's of California and Australia. 
Among other follies was the wearijig of £5 notes 
on their hats ; and such superior creatui-es did 
they regard themselves to be, that they resented the 
intrusion into tlie rooms of tlie iiublic-houses they 
frequented of [persons l>elonging to any other craft 

It is deplorable to think that wJiile hundreds of 
QianuAicturoi*s were i-eajting fortunes, and thousands 
of work-people were eai-ning higher wages than they 
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evei* did before, the author of this pixjsperity 
smarting under the slights and injustice t^ which 
he had been subjected, was toiling for a livelihood 
at his own mule, in tlie upfier room of the farm- 
house of Oldhams, to which he had removed. 8o 
expert a spinner had he hc^come, however, that his 
yams were iiner than anybody else conld produce, 
and brought the highest price in the niadcet. In 
consequence of these facts, an impression ju'evailed 
that Orompton had^ effected some improvement in 
hiH mo/chine, and liis house was besieged by pei-sons 
eager to discover what was going on* Bucli was tlie 
piTsiKteiit curiosity of the iiitnitlei*^, that t)*e inventor 
hiul to protect his apitarsitus by uieaiis of a secmt 
fastening attached to the door of hi.s work room. TJje 
first Sir Rol>ert Peel (then ^mtitled) was among the 
visitoi*s to Oldliams who endeavoui'ed to get a peep 
into the mysterious chainlver* Mr, Peel, on the 
Siime occasion, oti'ered to C-i^ouipton a iMirtnei-ship in 
his extensive manuftvcturing business ; but the latter 
luul conceived a dislike to the future baronet, owing 
t'j the shabl»y niimner in which lie btihaved in the 
matter of the mule lu-esented t^ the public, and 
tieciined the offer. It aiijiCiirs that in the exercise 
of a privilege secured by a contribution of one 
yninea to the Cromptoii eorajiensiition fund, Mr, 
Peel calleil ujion the ijiveutor to inspect the ir*w 
machine* He took with Idm several mechanics^ who 
were to study the mule so as to be fdilo to carry 
away its details in their minds ; and when they had 
completed their inspection, !Mr. Peel offered to i*e- 
waixl Crompton fur his trouble by a [laynient of six- 
{lence a heat! for his mechanics. This wtis too much 
for Crompton s sense of dignity, and he never could 
forgive what ho i*€*garded as a delilK^iiite insult. It 
was unfortimate that such an incident should have 
occurred to prevent Crorapton^s acceptance of an 
offer which would have at once raisexl him into a 
jiosition of comparative independence, ond afforded 
him opportunities for the further exercise of his 
meclianic^il genius. As it was^ he elected to con- 
tinue spinning at home ou Ids own accotmt. But 
here, again, he soon found himself beset with diffi* 
culties* In order to carry on business ou a r^ 
miinerative scale, he requii-ed to engage sssistants ; 
but as soon as these became proficient sjiinners, 
they were deei>)ed away by his wealthy conqjeti- 
tors, and he was always left wdtJi *'gi'een hands/* 
Tills treatment, coupled with that to which he han^ 
been paxjviotisly subjected, exasperatetl the sensitive 
nature of Cronq)ton to suclj an extent that he broke 
up his spinning maclxines, aiad Wtook himself once 
more to the occui*ation of weaving. "Wlien thia 
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ciiBis ocetured, many men were accumulating laT^e 
fortunes by the use of the mule ; Jind Sir RichaiTl 
Arkwright, wbose daims as an inventor were not so 
well established as Crompton*8, was living in the 
enjojnient of gve^t wealth as the result of iiis 
labonrs in the development of the cotton manufac- 
tnre. 

Having recovered in Bjiiiita to some extent, 
Crompton i^moved into Bolton in 1791, and estab- 
lished a small factory, in which he emjilojcfl bis 
two elder sons. One of the sons informed Mr. 
Fi'ench that among his earliest recollections were 
his ** being placed, when seven years of age, upon 



as a cotton spinner. The time was ill-chosen, how- 
ever, as trade was in a very unsatiHfactory state, 
the crops had failed, and disturbing events were in 
progress on the Continent. The result was that the 
money subacribeil to the Crompton fund amounted 
to only between X400 and j£500. This, however, 
enabled the recipient to extend his factory, and 
increase Ins returns. He could not help, however, 
giving way at times to feelings of disappointment ; 
and in one of these moods he applied to the Society 
of Alts, with the olijoct of getting the memWrs f<f ' 
that institution to interest themselves in his case, 
and procure him retlress. In his letter he m«8i- 
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a stocd to spreatl cotton upon a breaker pi^pamtoiy 
to spinning, nn elder brotber tin*ning the wbeel to 
put the mriebine in motion," Again the superior 
ipiality of Crompton s yams attracted notice, and 
again be was subjected to the annoyance of having 
bis work-people decoyed fi*om his service after they 
had accjuired the art of spinning. Thus matters 
went on for several years, in tbe course of wbicb 
Mrs. Crompton died, and left her husband with a 
fjimily of eigbt At kngth, in the year ISOO, it 
OccuiTod to some ilanchestc^r manufacturers that 
tlie man wbo bad l>een tbe chief agent in creating 
the industrial prosperity of wbich their city was a 
chief partiiker, had been treated in a mther dis- 
creditabb* manner ; and they undertook to promote 
a subs*»ri[jtion, which tbey exjiected woubl enable 
Croraj»t*>n to ]iass tbe remainder of his dsys in 
ocmfort, and without the necessity for further toil 



tioned tbat, besides his spinning moctbine, he 
*' lately in\'ented a loom of a curious constructlOll; 
in which he weaves an article that other weaven 
cannot execute^ which stimulates the muster nmna- 
factiu^*rs and weaver to entleavour, by all n&fidr 
means, to get acquainted with his machinery.* 
After four years* delilieration, tbe Society adopted' 
a resolution to tbe elfect tlnit the object of Mr. 
Crompton's letter ** did not come within tJte vienn 
of tlie Society." This decision he felt very kt^foly* 
as he understood that tbe Society had t:je«ti foutidod 
specially to give advice and assistance in such 
as his. 

Curious to know Uj what extent his lAf^enl 
hod been taken advantage of by cotton inani 
turers, Crompton set out in the autunm of 18 
to visit the chief seats of the trade tliroughoui 
the kingflom. He found the mule at work 
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360 factories. The number of spindles used upon 
■ Hargi^eaves* jennj mackines was 155,880 ; iii>oh 
Ark Wright's water fi^mes, 310,516 ; and upon 
Cronipton's muleSj 4,000,000. Mr. French men- 
tions, ftmong other facts nscertained, that the mules 
Iwere spinning at the rate of f<>i*tj million pounds 
weight of cotton wool per annimi ; that double the 
amount of wages was paid for spinning on the 
nmltf that was paid for working all other spinning 
machines put together ; that about two-thirds of 
tlie entire amount of stea-m power employed in 
cotton spinning was then applied to turning Cromp- 
ton's mule spindles ; that at least four-fifths of the 
cotton cloth bleached in the principal bleach works 
in Liinuashire was woven from yam spim on mules; 
that the value of builtlings, power, and machinery 
employed in Bpirming on Crompton's system was 
between three and fom* millions sterling; that 70,000 
persons were directly employed in spinning on mules; 
LMOjOOO more in weaving the yam thus spun ; and 




that, at the usual computation of two others de- 
pendent on each worker, the aggregate number of 
persons whose livelihood was provided for by the 
mule (without including the large addition of those 
who were engaged in making machinery, growing 
cotton, transporting it, dyeing, piinting, embroider- 
ing, and selling) was little short of 700,000. 
In this stiitement no accoimt is taken of the 
large numbers of mules which had been success- 
fully introduced into the woollen factories of the 
country. As the result, most pix3bably, of the manner 
in which the early years of his life were sjient, 
Crompton was always of a retiring and modest 
disposition ; and when, during the journey of in- 
vestigation i-efenx^d to, the maiiufactui-ei-s of Glasgow 
desired to give him a complimentary banquet, he 
failed to summon sufficient courage to accept the 
honour ; and he used to relate that, " rather tlian 
fctce np^ I first hid myself, and then foii'ly boltetl- 
fix»m the city." 



SHIP BUILDrNG,— VI. 

THE STRUCTURAL ARBANGfiMENTS OF IRON SHIPS. 
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IN determining upon the most suitable afcnictural 
arrangements for a ahijr, the builder obviously 
has no easy task. His choice must be largely in- 
fluenced bj the materiiil 
to be employed^ — wood, 
iron, or steel ; tind even 
when this selection has 
been made, every step 
onwards involves cai"e- 
ful consideration, if the 
best results are to be 
attained. Enormous 
strength must be pri>- 
▼ided in a structure 
which will have to with- 
stand the fury of wiinl 
and waves, to be driven 
at high speeds in all 
weathers, to carry 
w«ightii at least equal 
to it« own weight, and 
often much greater than 
its own, and to sust^iin 

variations of strain such its are never brought uj>on 
any structure erected ufion land* Moreover, it is 
absolutely necessaiy that this strength should be 
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associated with the least possible weight of material, 
A ship afloat, and difq^[iM.ung a cei-taiii weight of 
water, can only have her total weight of hull and 

cargo equal to tins 
weight of water dis- 
placed. Any increase 
in the weight of hull, 
therefore, leads to a 
diminished cargo-cairy- 
ing power; while con- 
versely any saving on 
the weight of hull adds 
to the commercially 
remunei-ative carrying 
pjwer. The whole art 
of ship buihling may be 
summed u[) in the phrase 
— ^How best to associate 
stixingth witli lightnesSp 
It may, of course, be 
said that the civil en- 
gineer or the architect 
displays his skill most 
fully in a similar association of the maximum of 
strength witli the minimimi of material ; but it 
is certain that these workers are not bound to 
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follow out tilis policy by the same urgent con- 
siclemtionB wliicli iiiflueiicu the ship buililer, nor 
is tlioir task so diificult. The grand structures 
due to their genius are stationaiy, with founck- 
tions resting upon the solid eartk The miixi- 
iiunn stifiins which ave brought upon these struc- 
tui'ea are calculable, and can be provided agiun^t 
with a I'easorMible margin for safety. When 
once a good foundation bjis been 8ecui"ed, all the 
!ibset:iuent work can be advanced with a degree 
exactness and certainty, as to the pro^-ision of 
the neoeesary strengthf which cannot be rivalled 
in ship building. And no one coniplaius if 
additioual weighs of materiiUs ai*e employed to 
make the assurance of safety ** doubly sure." 
Contrast these conditions with those for ji ship — • 
say a steamer, propelled by j>owerf;il machinery. 
Who. can predict tlie vicissitudes of weather to 
^ which she may be exixjsed I Who can estimate the 
violence of the shocks she has to sustain in a sea- 
way 1 W^io can measure the changes ocenning in 
tlie magnitude and chai-aoter of the strains sus- 
tained by lier structure ? At one instant perched 
high on a wave crest, with bow and stem in mid- 
airi a few seconds later with bow deepbuiied in 
the wave slope, or astride a wave hollow. Rolling 
h*.'avily, pitching deeply, hoaving up and down with 
the waves, but all the while advtincing steadily on 
lier course, and tm.rrying safely her previous f leigM 
of passengers and cargu^ such a vassel undoubtedly 
lY'proBents one of the gi^eatest triumpljs of human 
«kill and enterprise. Scientific investigation, un- 
aided by ex]>erience, could never have produced such 
a result ; exjierimeuts could never be arranged to 
it*present these varying conditions ; but the wisdom 
and experience obtained during many centuries, 
touched in recent times by the hand of modern 
invention and scientilic analysis, have yielded these 
ivnuirkable i^sult«, aiii] promise to yield othei'S no 
less remarkal4e. 

The development of steam navigation has been 
accompanied by a gi-eat incre^xse in the sixes of 
ships, their lengths, and the ratios of length to 
bread tL All these changes have been favourable 
tu tlie attainment of higher K|ieeds and more i^gular 
ocean passages ; but they have also i>ro<Iuce<l a con- 
siderable increase in the stmins to wliich the struc- 
tui-es of whips are siibjected. The sti^uctural 
arrangementa wbich suflSced in the 8hij>8 of the 
early pail of tljis century have con8€C|uently lieoome 
quite insuilicient. Then a vessel 200 feet long 
WRg a marvel of size, and her beam wouhl have 
been quite {me-fourUt of her lengUi : now, vessels 



500 feet long are at work in the merchant ser 
the beam being only one-elevenih of the 
In 1838 the Great Western well deserved' 
name : she was only 210 feet long, and a woe 
hull gave her sufficient strength ; but no wooden 
hidl would sullice for her successors on the tninii- 
Athmtic service. In abort, the use of iron bulla J 
became a necessity for ocean steamei-s, because wood ^ 
litdls coidd not lie made stix>ng enough ; aiid 
although imn will, in its turn, pix)bably give |)hice 
to steel before many yeai-s have |mssed, this change 
wUl not take place because the limit has been 
reached to which the strength of iron hulk can be J 
earned^ but because steel is stronger than ii'on ia * 
proi>ortion to its weight. Good qualities of iron 
used in sliip building have a tensile stren^h of j 
about 20 tons j>er squai-e inch, and each cubic foot I 
weighs 480 fxounds ; whei-eas the steel now used has J 
a tensile strength of about 30 tons, and a weighll 
I>er cubic foot of 490 to 500 pounds. In their maiii j 
ohamcteristics and adaptjibility for ship oonatnu^ 
tion^ iron and steel may be ftiirly elasseil together. 
Both of these materials are far better stiited tium 
wood for use in structures wldch are subjectwl tOj 
gi-eat and rapid variations of strain. Both can hel 
produced by die manufactui*er in varied forma, 
meeting the requirements of the builder, and both 
can be wrought into combiiiations jioasefising pmc*^ 
tical rigidity of fonn, with the esipability of nssi^stii^ 
tensUe, compressive^ or torsional strains. 

Wrought iron used in sliip building may I* J 
arranged in two groups — plat6 iron and bar iroii. f 
Every one knows what is meant by an iron plate ; 
and all that need be said about this class of iron is 
that the makei'S are contiuuaUy increasing tli6 
dimensions of the plates that can be prodncOiL Ia| 
exce])tional cases, plates 24 feet long and nearly tj 
feet wide have be^n fiirnislied to the builder, tlie j 
co8t having risen with the dimensions, Ordin.%rilrt 
[>]ate8 about half as long and half us broad wuuldJ 
meet all retpuremente. Except for defeniiive jwi^j 
|>oHes in war shi]>s, the thicknesses of plates used ta' 
fship building woidd not exceed 1 inch, and Ui0f ' 
diniinish by differences of y^th of an inch do>wil 
to I inch in tluekness* Armour plating i» a spodal i 
manufacture, and single plates liave bc?eii miide nOfl 
less than 22 or 24 inches in tJiickneB% we^;}iif|g j 
fixjm 25 to 30 tons. Twenty years ago An aruMMur 
plate 4|^ inches thick and 5 tons in weigbt, wie 
considered to be a remarkable production. The 
limit of progi'ess in iron manufacture has ooi yet 
l)een reached, and it ia a matter for oongimlnla* 
tion that }>ast experience with iron will be cl 
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^^reat value in steel making and rollings when the 
ilemaiid for the latter mateidal becomes more wide- 
spread. 

In the sectional forms of *'bar" iron, the ship 
biiilder now has a veiy extensive choice, and in 
the diagi-aiii (p. 181) a few of the chief sections are 
sliown. That most commonly used is also the 
oldest— til e simple ** angle iron," which at ^vst 
fonned tlie only means of stiffening the iron 
plating of lx)Oei"s or ships, Wlien two plates ai-e 
placed at right angles to one anotlier, or at some 
other incliimtion, the angle iron forms an eliicient 
connection l>etween them ; and, in association 
with plate iiTin, angle imn can be used to form 
beoxns or girdei-s of gi-eat strength. Although it 
thus holds the first place, the angle iron is now 
frequently replaced as a stiiiener by the T-ii'on, 
the Z-lron, or the channel ii*on, shown in the dia- 
gram. The sections in the upjier line are cliieHy 
naed for deck beams or girdei*s ; and in them we 
have an illustration of the tendency in the iron 
manufacture to firmluce finished sectional forms re- 
flembling those pre>iously made up of plates and 
angle iix>ns. Much work of a prepamtory chiime- 
ter is thus saved to tlie ship builder, who has, how- 
ever, to pay a higher price to the h-on maker for 
the impi-oved section. As an example, take tlie 
T-bulh beam in the diagram ; formerly this section 
was uecessai*ily made up of a '* bulb plate " witli two 
angle irons riveted to the up{>er edge, and even 
now the tlifference m cost leads many buOders to 
continue the old method of construction. Another 
case in point is that of the H-ii^n section, wliich 
can now Ije obtaineiil fi*om the manufacturer by any 
builder who does not object to its cost ; but which 
is really an improvement ujwu the earlier beam, 
fanned of a veitical web plate, mth two angle irons 
riveted to each of its edges. A thiixl exami>le is 
found in the Z-iron, which even now is often formed 
by placing two angle ii*ons back to l>ack, and livet- 
ing them together. In fact, where a stiffener i^ecpdres 
to have considerable curvature gi\'en to it, the 
Z-iron or H-iron sections can only be obtained by 
oombinations of plates and angle irons ; liecause, if 
produced in a single piece in the roiling mills, 
neither of these sections could be bent without 
considerable difficulty or possible damage. The 
" Ranged '* form of section ilhist rated in several of 
the sections on the diagram is pi'e-eminently adapted 
(br Msociating strength with lightness ; and it is 
not one which can be siiccessfidly imitateil in wc*od. 
The sectional fonns shown on the lower line hi 
the diagram require only a few remarks. Square 




and round bora are used for forgings, pillars to 
decks, &c, ; the tubidar form is also largi?ly used for 
pillars ; and the remaining sections are useful for 
some minor pm|>oses. 

Plates and bai's of iron are the forms in which 
that material cornea into the hands of the builder, 
whose (hity it is to combine them as etficiently as 
ixjsaible into a strong and light hull. Taking the 
case of an ordinaiy iron merchant ship— such as 
that of which the stnictural an-angements ai*e 
illnstrated on jmge 185 — it will be intei^.sting to 
notice tlie principal features, and their comparative 
efficiency. 

Tlie skin is an essential pail of every ship. Its 
primary fimction is to form a water-tight envelo])e 
of the internal space required for accommodation 
and buoyancy ; and in some speckl vesseU— such as 
the coracle or skin-eovered canoe — this is the only 
function of the skin. In nearly all classes of shij>s, 
however, the skin is a valuable element in t!te 
structural strength ; and in no class is this so tnie 
as in iron and steel shii>s. When ii-on tii"st came 
into use for canal boats, the buildei-s natiu-ally con- 
structed the water-tight skins on the model of the 
shells of wi-ougltt-ii-on steam lx>ilers ; and they could 
not have improved ujion that plan in any imi>oi'tant 
particular. Minor motlitications have since been 
made, but, on the whole, it may be said that the 
method of constructing the skins of iixm sliips 
which was first adoi»ted still remains in use — a fact 
wliich is sufficient evidence of the efficiency of the 
lilaUj seeing that many attempts have been made to 
improve u]>on it» 

An iron skin is made up of plates, an*anged with 
then* greatest measurement lengthwise in the ship, 
and placed in tiers or " st rakes ** from keel to 
gunwale. Common sizes for these plates are from 
10 to 14 feet in length, and from 3 to 4 feet in 
breadth. Even in shifts of the largest size, the 
thickness of the skin plating does not exceed 1 
inch, and in small vessels it falls to a quarter of an 
inch or even less. Each tier or strake of plating, 
reaching from stem to steni^ has to be made up of 
several plates ; and the ends or *^ butts " of adjacent 
plates are secured by means of butt straps, one of 
which is shown in the accomiMinying diagram (Fig. 1 ). 
This strap is fitted inside the abutting plates, and 
secured to the end of each by ii-on rivets, which aro 
first heated, then driven threugh holes in the strap 
and plates, and clenehetl or ** knocked down " at 
the points. Two plates thus united can, of course, 
resist a consideniblc longitudinal stniin tending to 
separate their butts : and the junction is also easily 
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made water-tiglit. The eiilai'ged section in the 
drawing (marked "caulking of butt") illustnites 
the simple pbin wltich anavvers admii^bly for the 
aldns of iron ships and for the eh ells of boilei-s. 
The caulker tirat cuts a alight ecoi-e on either side 
of the joint, and close to it: afterwards with a 
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special tool, he forces the portions of the plates 
t»etween these scores and the joint into close 
contict with one another, and this makes the joint 
either water-tight or steam^- tight. A strong con- 
nection is also made between adjacent st rakes of tlje 
plating by overlapping the plate-edges and riveting 
thix)iigh the lai>8 : as shown in the sketch {Fig. 2) 
of a lap joint, which also illustrates how such a 
joint is aiuiply caulked {see c in enlarged section). 
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Fig. S.-'EiKit Lap Jourr : I>oi7iils Himnra. 

This edge riveting of strake to strake not merely 
rc^aists any tendency to distortion in the skin by 
longituiUnal ** racking/* or the motion of one stmke 
in relation to anotlier^ but also i-esists any 
transverse strains tendijig to sepanite adjacent 
atrakes. In fact, an iron skin, proi)erly stiffened 
and kept to shajie, is ca]>able of resisting or tnuis- 
mitting etnuns in eveiy dii^ection. This fact is in 
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itself a great source of superiority to the iron ship 
as compared with one of irood, in which the skhi is 
relatively weak, and easily distorted by racking 
stixtiJis unless specially strengthened against them. 

This distinctive feature of an iron skin has not 
always been recognised so fully as it now is ; imd 
it may be regartled as an advantage obtained ralhir 
by accident than intention, for the chief object m 
fitting butt straps and edge laps in earlier Teaaek 
was simply to secure water-tightness. MMSOf 
persons, impressed with the belief that arraiig»> 
menta proved to be of value for wood shijis niitst 
also be good for iron shijia, have proposed to 
strengthen the skins of the latter by d 
braces ; or, to form the skins of two or more 
of plating placed diagonally, the plates in one 
crossing those of the others. All such proi>oAli| 
however, ignore the proj>ei*ty explained above — vitj 
that an iix)n skin, as orduiarily worked, is i 
caimble of resisting or ti'ansmitting strains in aO 
directions. 

Turning to the other side of the picture, mt*nti( 
must be made of a feature in which wood skins 
superior to iron. Iron shijis have thin skins, whitik' 
are more easily i>eneti"ated than thicker wood 
planking when a vessel grounds on rocks, or it 
struck by sharp, hard substances. Formerly, groii 
stress was laid u|Jon this ai-gument as allecting tbe 
safety of ii-on ships ; now vety little is said on 
the subject, and from this circumstance it nuiy 
infcned that experience with iron shi})s docs n* 
favour the older view. As a matter offset, iron shij 
have skill plating strong enough to withstand all hut 
the most exceptional conditions of service; and 
against extraordinary risks they can be protected in 

much mom efficient manner than wotdd 
M iKJiisible if their skins were merely thickendl 
I Internal water-tight sub division is the safch 
^^ giiiird for iron sliip against the dangem 
^Z) suiting from i>erfonition of the bottom. 
Hv William Fairbairn did much to remove 
IW"^ stigma fix>m iron aliips l»y a series of cx| 
I ments, designed to test the force of the then 
]x)piilar objection to thin skins. Taking orr- 
tain planks and plates, he an^nged a ** pundit 
ing" ainmratiis which measured the foroe re<|i 
to drive a hole through each specimen testcict 
imn plate only \ inch thick proved equal in reaiii^ 
ance to a 3-inch oak plank, and a plate 1 t&eh 
thick was equal to a Ginch plank. Thesit rrsulta 
were highly favountble to the iron ; but on Out 
whole it may l)e admitted that a well-built wood 
ship will w ithst^md rougher usage than an ordinigr 
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iron ship when aground on a rocky bottom ; and 
Twill not lulmit fiuch large quantitiea of water into 
the hold. On the other hand, an iron ship ia much 
more easily and cheaply repaired than a wood ship, 
if ehe can be floated off, although her bottom may 
haTe been more extensively perforate<l. The case of 
tlie Gtmt Britain illustrates this tlitlerence. After 
viiitiiig her in Dun- 
drum Bay, Mr. Brunei 
wrote as follows, in 
1846:— "She is resting 
and working tipon the 
rocks, which have 
broken in at several 
places and forced up 
many porta of the 
bottom 12 or 18 
inches ; '* but he a<Uled 
that "even within 3 
feet of the damaged 
part Ujere is no strain 
or injury whatever*" 
No wooden ship simi- 
larly exposeil would 
Lave escaped with 
damages tliat wei^ 
equally local, and so 
easily repaired. 

Against tensDe and 
compressive strains the 
thin iron akin com- 
pares still more favour- 
ably with the much 
thicker wood skin. 

Take, for example, 
two large merchant 
ships of equal size : 
the bottoni planking of 
the wood ship would be 
about 5 inches thick^ 
against a bottom plating | inch thick on the 
iron ship. The tensile strength of the iron would 
be about 20 tons per square inch of sectional area, 
that of the wood being about 3 to 4 tons. The 
difference in thicknesses is, therefore, roughly pro- 
portional to the differences in ultimate tensile 
Rtresigtks, the greater strength of the iron plate 
being a compensation for its less thickness, Tliis 
would be probably true also of the ultimate 
resiatances of the planking and plating to com- 
pressive strains. In practice, however, we are 
concerned with the strains that can l>e repeatedly 
l^onght upon a structure without distressing it, 
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rather than with the ultimate strains which would 
produce rupture. From this point of view the iron 
gains greatly, for it can be tiiistod to bear a strain 
efLiiuI to one- fourth of its ultimate strength, whereas 
the corresponding stniin for wood is only one-eighth 
or one- tenth the ultimate strength. These ar-i? fucts 
which cannot be overlooked in contrasting the 

sti'engtha of wood and 
mni .ships, and in en- 
deavouring to discover 
why the iran vessels 
can be made so much 
lighter. Each stjuai'© 
fiKit of the J -inch iix>n 
skin w^onld weigh 
30 lb. ; each squai*e foot 
of the 5 -inch wooil skin 
would weigh alxiut 
20 IK But the '' work- 
ing load" wliich the 
iron skin could bear 
would be quite tuples 
as great as that for the 
wood skin, allowance 
being made for tlie 
greater thickness of the 
latter. 

The ojKirations in- 
volved in pn'iMiring 
the skin j dating for an 
iron ship require only 
a few words of ex- 
planation. The iron 
maker supplies the 
plates very nearly to 
the dimensions and 
forms requii^ by the 
builder, whoso work 
mainly consists in 
marking u|>on each 
plate the jxjeitions of the rivet-hole«, punching 
or drilling these holes, planing the butt ends 
so that they may fit aocurately against those 
of adjacent plates, and bending the plates to the 
proper curvilinear forms. All these oiiemtioufl 
are extremely sim|ile, but care is neoeesary in order 
to make the work sound and good. A l^adly-aii'singed 
and badly -riveted akin can only be a source of trouble 
and weakness ; and faults of thb kind are inexcua- 
able, becauBe they involve a practical negation of 
the advantages obtainable with a pi^operly con- 
stnicted iron skin. 

Even when a sliip is floating at rest in still 
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wttt€r, her sides and bottom are subjected to con- 
Bidemble pressui'os, tending to proiluce altenitioiis 
in the form, and a coUu|>ae of the skin at some 
places, or a " bulging out " at others where hea.vj 
weights are concentrated. At sea, considerably 
gi'eater straining forces have to be resisted ; and 
the most peifectly constructed iron skin is, if left 
to itself* so flexible and easily distoi-ted that some 
kind of internal *' framing " or " stiJfemng " is an 



absolute necessity. In oi-dinary iron ships, aa ! 
ali^'ady l>een explaitied, the main fmmas or ribs SmI 
placed tninsvei^ely (see the dm wing on the prev 
page) ; but in many ships a diJlerent mode of framing J 
is adopted. There are, it is perhaps scarcely ne- ' 
cessary to say, very various opinions respoctmg the 
medts of these lival methods of construction, ami 
to some of these attention will be devoted in Uie 
following chapter. 



lEON AND STEEL,— VI, 

MALLEABLE IRON. 
Bt Wnxuji BVNUA5 ScoTT-JIostcsiifr, C.E, 



HITHERTO we have only spoken of iix>n in the 
form >vhich rendei's it suitable for being cast 
first into *' pigs," by the blast furnace, and next, 
into every vaiiety of shape after a second melting 
in the cupola furnace. We now pass on to the 
subject of Malleable Iron, which we shall find to 
have been q^uite as much aasociatetl with the history 
of invention and wiUi the lives and fortunes of 
invejitors as the process of smelting. It is in its 
malleable form that this metal, so varied in it« ai> 
plication, becomes capable of being drawn out into 
wires, or i-olled into sheets and Imi^s, of being Ix^nt 
and hammered, and hardenetl and softened. Al- 
though we intixxluceil the blast furnace first, as the 
most natural order to take in the modem practice 
of the manufacture, enough has been siud in the 
previous chapter for the I'eader to understand that 
''malleable" was far the earliest fonn assumed. 
The sulmtitution of iron for brojize in the imple- 
ments of eaily races, mai^ks a distinct ejioch in the 
development of their civilisation, and we find that 
among the representative nations of bygone nges, 
improvements in the means of protlucing iron and 
rendaring it servioeable keep pace with their 
advances in art and all other intellectual piirauitJi. 
It is only from iion in its raallcable conflition that 
w© discover any clue to these eaily iiulustries, and 
it Beenis pix»bable that no tiling was known of east 
iron until within tlie compaiutively recent period 
of which Bome account has ali^ady been given in 
the chapter on Fuel Among the Greeks, the 
introduction of iron for the useful purposes to 
wliich it has since been subjected, sprea^l with 
their civilisation; and between the jjeriod of the 
Hmneric poems, which first refer to the method of 
Icnipng i^ and the time when Greece had become 



the i-epresentative of the highest social and int 
tual development of the ancient world, thefO 
ample evidence of its having been extensiveljrJ 
employeil Thei^ is also abundant proof of its I 
having dwjilaced bronze in tlie advancing civiHsa^l 
tion of the Egyptians. Mr. Layaixl has enhanced 
the interest of the antiquai-ian collections of the 
British Museum by many si^ecimens of the iron 
manufacture of Nineveh, the most interesting ol i 
these being tools that are still in common nse — sucbi 
as kniveSj hammei's, |)ioks, and even saws. Thei^e m 1 
one iustnunent of tlie last class which excited much 
curiosity at the time of its discovery, as it is almosi 
identical with that which is in vogue at the present 
day, in the form known as a two-handed croas-cut 
saw. It was found in the North ► West Palace al ] 
Nimi*oud, and must be more that 2,500 jesirs old. 
As we have already fuUy discussetl the earlier pro- 1 
cesses employed in the pi-oduction of cast iron, we 
will mei*ely say^ vnth regard to the malleable iron 
of prehistoric times, that it could only have been 
proiluced from the richest ores^ in small quantitki 
at a tune, and at the expense of a great amount of' 
labour. It also seems evident that charcoal ww 
the only form of fuel that could have been used in 
the primitive ap^mratus that was employed. 

The further development of the industiy mtisl 
have taken place after the discovery of the i 
in which combustion is increased by the applioaiioa < 
uf a bhist of air; and this led, no donbt^ ta tlie ' 
method employed at a very remote |ieriod, of pladiig 
the fumaoes in an exposed situation, whero iJi^ 
could be reached by the action of the wimkk Hue 
gave rise to the term ** air-bloomeries." In Britain, 
these must have been carried on, principally by ih» 
Bomans, on a very extenaive scale. Tina ia | 
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bj the waste heaps that suiToundeil tliem, froin 
which the iron hail been only very ]mrtially ex- 
tracted, having long afterwanls become tli© niines 
from which more recent, but still ancient, manufac- 
turers obtained theii* supplies of the raw mtiterial. 
It appears that gradual improveuieuts in the con- 
struction of the apparatus used for making malleable 
iron, led to the products of those furnaces as^suming 
moi^ and more the character of cast iron, and it also 
aeems probable tliat this gradually gave rise to a 
aipAration between the iirnt operation and the 
aeoQDii^ which would always become more necessary 
— ^namely, that of i-efining or converting cast into 
wrought ii*on. However tliat may l>e, it is not 
until the year 1783-4 that we tind the invention 
applied wluch really brought the method of pro- 
ducing malleable from pig iron into consonance 
with the jjractiee of modem tinier, 

Thiii pi-ocess embotlied what has since been known 
W " puddling," and it may be looked uix^n as the 
fonudation of the iron industries of the world. 
It IB quite impossible to estimate in figures the 
enormous value which ha,s accinied to thin country 
fi-om the invention refeired to. Tlie discoverer 
Apent a large fortmie upon the development of his 
ideas ; but although he entered into written agree- 
ments for the payment of my al ties with several 
of the iromnaatera of England and Wales, who 
Afterwards amassed vast fortunes out of tbe new 
method, yet, they not only neglected to ful£l 
their obligations, but allowed the mifortimate 
genius and his family to live in beggary. There is 
no sadder story among the many that have occurred 
in the history of invention than that of poor Hemy 
Corfc. His first patent, which was obUiined in 1783, 
de-scribed " a pecidhir metho<:l and [irocess of pre- 
paring, welding, and working various sorts of iron, 
and of reducing the same into nses by machinery, 
and a furnace and other apparatus adapted to the 
same purpose/' A second patent was granted to 
him in 1784, for "Shingling, welding, and manu- 
facturing iron and steel into bai*s, plates, rods, and 
otherwise, of purer tpiality, in larger quantities, by 
a more effectual ap|»lication of fires and machineiy, 
and with a greater yield, than any method before 
put in practice." In perfecting these new methods 
of manufacturing malleable iron, Cort ex]>ended a 
fortune of ^20,000, which in those days repre- 
sented much greater wealth than it does in our own. 
In speaking of these improvements, Sir William 
Fairbaim seems to consider it as proved that the 
introduction of the system of rolling ii-on into plates 
bai-8 had its origin in the gemus of Henry Cort; 




but the px'ocess to which the coimtiy is most in- 
debtt'd to him is that which 4ii*st enabled the 
manufacturer to produce wroviglit iron on a large 
scale and at a comparatively trifling cost. There is 
some evidence of other inventoj's having worked in 
much the same dii-ection an Coi-t, iii the refinement 
of iron in **a reverberatory furnace, heated by 
coal," which is the e-ssence of the *' puddling '* pi'o- 
cesB ; but thei*e is no doubt that he was the first 
to overcome the difl^culties that lay in tlie way of its 
practical adoption. Tlie descrijition which is given 
in one of Cort'a patents of the manner in whidi 
he pmposed to treat tbe iron, proves from its cor- 
rectness that he must have known and seen a gi-eat 
deal of the pi*actice of luiddling in the exjieriments 
which led up to it. The authority just referred to, 
in speaking 'of Cort, says :— '* It would be a diffi- 
cult task to eniunenite all the services rendered by 
Mr. C'ort to the iion indiustry of this country, or 
sufficiently to express our sympathy with the 
relatives and descendants of a man to whose me- 
chanical inventions we owe so much of our national 
gi-eatness. It is, perhaps, not generally known that 
Mr. Henry C^ort expended a foilune of j£ 20,000 in 
peifecting his inventions for puddling iron, and 
rolling it into bars and plates; that he was robbeil 
of the fruit of his discoveries Viy the villany of 
O^cials in a higli department of the Government, 
and that he was ultimately left to starv^e by the 
aptithy and selfislmess of an ungrateful country, 
Wlien these facts are known, and it hm l->een 
ascertained that Mr. Honrj^ Cort s inventions have 
conferred an amount of wealth on the country 
efpiivalent to st^ hundred mii/iQtis stii^Hng, and 
have given employment to six hnndred thousand 
of the working ]x>pulation of our land for the 
last three or four generations, we ai-e surely 
justified in referring to sei^^ices of such vast 
imiwrtance, and in lulvoeatiiig the principle that 
such suljstantial proofs of the nation's gi-atitude 
should be affoixled to rescue from penmy and want 
the doscendantfl of such a benefactor,'* Soon after 
the introduction of puddling and rolhng, the 
invention of the steam engine by James Watt 
gave the same impetus to the piH3duction of 
malleable iron that it did to the smelting of the 
mettd m the blast furnace, to which we referred 
in our first chapter. 

The convemon of '* pig " oi' highly carburised 
iix»n into wrought iron, essentially consists of 
removing the carbon by exi>osing it to the action 
of currents of air and iame, in which tlie oxygen 
combines with it, at the same tinitr allowing the 
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phasphonis and other injurious alloys to be carried 
away with the slag. When this is oondncted on a 
larg^ scale, it neoessitates the employmeDt of a great 
number of expensive appliancea. These coDKist 
gf ateam hammers and other forms of noisy 
machineiy, which, together with the dtn of fitUiiig 
ylatea and bara that ring upon the floors as they 
are removed from the roils, make a malleable iron 
raanufactoiy one of the indius tries which it is very 
difficult to describe orally on the spot, by reason 
of the uproar. The ** pigs " that are chosen for 
conversion into malleable iran are those which 

contain the smallest 
amount of carbon, 
mid are known as 
white or "forge 
j i-s." It is some- 
what unfortunate 
that tlds quality gene- 
rally contains a 
c^f^dter numl>er of 
iiiimritiea than the 



ing sectional sketch will sufficiently exphim 
construction of an ordinary puddling furnace, 
peculiar shape of the arched roof brings the 1 
from the hreplace A over the bridge B, in such a I 
way that the flame strikes down on the bottom I, [ 
which contains the iron that is being subjected t<^l 
the decai'biirisation that is necessary for crmy 
it. The waste gases escape up the tail chimiMf !>,] 
at the top of which there is a damper, under thai 
control of the puddler, enabling him to regulate 1 
force of the heat at vnlL The operation of i 
the ii'on ia carried on st the side of the t 
through a door which ia balanced by a ooviil' 
weight The tool whicb is used for the p\trpoie ii i 
rake or " rabble," requiring great muscular i 
on the part of the workmen to apply with i 
rapidity at the critical period in the process, 
the metal bcgiua to boiL It is then tliei 
"bloom" api>ear8, and is w^orked about and 
together in such a way that it is 80|>anvtod 
the slag, Gi*eat practice ia requinNl to know I 
and when to regidate the hetit, and when to i 




more highly carburtaed " fonndiy pigs," iii which tlie 
larger quantity of carbon I'^nders them more difficult 
to convert into wrought iron. Before cliarging the 
pudrlling furnace with the ** pign," they used gene- 
rally to be put through a refining process which 
partially deprives them of tht»ir carbon. This con- 
sisted of subjecting the cast iron to the action of a 
blsst of air forced over it when at a sixfficiently 
high temi>ei"atui*e. The methwls employed in the 
more motlcni pnictice of the manufacture enable the 
cast irt)n to be convcrtofl directly in the reverberat- 
ing or puddling furnace; but of these we shall have 
something to say in a futui-e chapter. Tlie advan- 
tages arising from the latter method are» that the 
iron is leas subjected to contncl with the impurities 
of the fuel, from which it is apt to absorb sulphur 
and other deleterious suhatancee. The accompany- 
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the molten mass to be pounded undrr the 
hammer. As the carbon becomes elimiisated 
the action of the air, the iron beoomoB gmdesUl 
tougher and moi^ coheaivej antl then i 
granular appearance of large gniins of Upiio 
During the process the silica and other 
become melted and pour awny, while, at U>e 
time, various gid)Stnnces, such as hammer 
suit, and limestone, aixs thrown in, w^hicli 
oxidising of Uie carl*on, and form a Htix tliat hc^p 
to remove the slag. In this manner a lai^ iidl i 
white-hot iron about 13 niches in diaoufler 
obtained by collecting the small granular 
with the ** rabble ;" and when the lump has 1 
sufficiently eom|)act, it ia remored from the far 
and subjected to the action of a powwrfnl 
hammer, which kneads it together like a 



1^0 



GREAT INDUSTRIES OF GREAT BRITAIN, 



felilf dougb. There is, perhaps, no appliunce which 
has been a mow constant suliject of invention thitn 
the pttddling fitrnacc;. The si^ciMcations of the 
jiatents that have bt*en iak^n otit for impi-ovementa 
nyton it, would fill a hirge vuhinie, and it still con- 
tinues to afibrd an ample fie hi for further moditica- 
tions. As in other industnes, the gi'eat object in 
the production of rnulleable iron h to save time, 
labour, and material, wliich all bulk very largely 
SIS an element uf cost in a i-oUiiig mill. It would 
occupy a comi>l©te and lengtliy treatise to go into 
detail upon what hixs l^een done to bring about 
economy in 'Spuddling." Some inventors liave 
devote their attention to saving the arduous lalxjur 
of the puddler — whose work is so exhausting that 
it must Ijo confined to a comparatively few years 
of his life — ^and many ingenious appliances havo 
l>een invented with this object in \4ew. The plan 
that haji sho^^l most pi'OmJAe of success— for the 
*' puddler*' is still in gener.il requisition — is making 
the furnace itself revolve, so that the molten con- 
tents are kept in a constant state of agitation wliich 
exjjoses them to the action of the flame. The gi^eut 
difficulty in the Rucces^ul application of a me- 
chanical arrangement of this sort, is the very high 
iem|)erature tliat requires to Ije guai-dcd against. 
Tliis is met as far aa possible by covering the inside 
of the revolving furnaces by very "refractory" 
mibet^mces which protect the outside casing from 
tfie action of tlit' intense heat. Other ingenious 
methods ai*e employed for the protection of the 
moving imrta, or bearings, by keeping cold water 
circulating thix>ugh pipes in contact with them, so 
as to keep the temperature as low &h pijssilile, 
Considerable success has attended these edbrte, 
but the wear and tear ore so gi^eat that many miinu- 
facturera prefer to work with the more primitive 
HUfjlianees introduced by Henry C^rt nearly a 
hundred years ago. Economy of fuel is anotlier 
objtjct that has hitherto aiforded exercise for the in- 
genuity of invenku-s, but as this is a subject of itself, 
we hope to say something more about it at ano- 
ther time. The following is a Ymi of the machinery 
rf'qiiired for producing finished i^TOught-iron plates 
and liars In a rolling mill such as tliat to which our 
descrijition of the puddling pi-ocesa refers : — 

Stoam tnginei of 180 total nominal horsc-powcr. 
2 Fire-ton and 2 fif ty-cwt. vteam hainmers. 

S Helvo bammcirB. 

1 8el of puddJed iron fdIIa. 
1 fk't of boilcr»pkte Toll*. 
1 ilcrchjint train and hailing milL 

16 ruthlliog fumAccfl. 

1 4 Balling and scrap fumioei. 



And other machinen*, such as pUie and bar ahcon, i 
lailws^ &c.* 

The first process to wbich the puddled ball of iron 
is subjected when it is removed from the puddling \ 
furnace is called ** shingling.** llie eflect of I 
this u[ion the iron is to get rid of a good many of 
the impurititss, such as sconae, which have attached f 
themselves during the " puddling/' and at the same ' 
time to make it dense and com | met. Before ihm j 
heat has ptissed off, and while the puddled mass i 
still pliable, it is parsed between great rollers, bf I 
means of which it is drawn out into l>ai% tluit | 
are aft^rwuixls cut into sliort lengtlis and fuggotrd. 
This htst oi>ei'ation — the name of which hfts Um 
origin, no doubt, in the analogy of a bundle of stick* , 
• — is cairied out by boys, who build up small blocks < 
of the shingled iron on a thin framing of wooii, 
which enables them to bo lifted and movpd a^icut 
without falling to pieces, like a pack of caitla Tlieso 
aj e then placed in what are called balling furnaces, 
wliich raise the faggots to a welding heat, when 
they ai^ again subjected to the action of the Ht«aini. 
hammer and a diflerent set of itjllers. Th© shnpo 
which the wi^ught iron is ultimately to aB&um6 is 
entirely regulated by the shajie of Uie rolln. It 
a biJl jii^viously heated until it is ftoft aiul ductile > 
is passed thi*ough flat rolls, which are gniduall^fi 
screwed together more closely as the lump becomes 11 
thLimer, in the coui^e of rejwiited i-olUng, it willj 
assume the form of a plate, the thickness of which] 
is under the control of the workmen who regnlatt^, 
the width lietween the suifaoes of the rolls. If.l 
on the other handj bars of ii-on of difllerent shapes 
ai*e requii'e»d, the rolls need to be grooved nccorrlingfy • 
— a square groove producing a squ&iie bar, uxul i • 
ixjund one making a round rod For ship-bulkUng ! 
purposes large quantities of iron are rrx|uin>d for'i 
mfiking the frames to which tlie outside plating in J 
riveted, and these ai^e called angle l>ars, LecauHeJ 
their section represents a right angle L. Th<«o afvl 
made of every variety of dimt^nsions, toth with] 
i*eg«rd to length and thickness, in the same WityJ 
as the round rods or square bars, by liaTingj 
grooves turned in the rolls of the exact sha|ie tlmtl 
b requii'ed- After the plates have come from tko] 
rolling mill, they require to have their edges trimnKd [ 
and squai-ed ; and as a great variety of ahAfietl 
is required in tlie "scantling" of the pUtet of anj 
iron ship, it becomes the business of some sldlMj 
mechanic at the iron works to nrrooge tlie folUagj 

• Tlds Bit vfti ^ren to Sir WiUUm FidriMdrn hf ! 
Buahion mul Eoenley, of Bolton, Imi is, of covtm, gfmldj 
exoeoded in mtmj rolliag millB, 
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of hia plates so as to have as little wiiste as possible. 
He lias to exercise very much the same sort of 
judgment as a good tailor, who cuts Lis cloth with 
n view to the utmost economy. The shears with 
wliich the plates are cut and trimmed perform their 
work with the greatest ease and accuracy, passing 
through the toughest iron as if it were so much 
broadcloth. In the caije of bara and rods, it k only 
the ends that require to he trimmed, and this is 
generally done with a steel circular saw, which re- 
volves at a very great velocity, and cuts through 
the iron as it comee hot from ti&e rolls. 

Previous to the introduction of the steam hsim- 
mer there was a gi*eat variety of ingenious appli- 
ances in nse for working up the "bloom" after 
it came from the puddling furnace ; but these have 
nearly all been supenseded hy more modem and 
improved machinery. The accompanying eketcli 
will show the constniction of the old forge or helve 
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hammer, for many years in use for the manufac- 
ture of malleable iron. 

The miumer in which this somewhat primitive 
piece of mechanism wjis ajiplied wa-s hy mising the 
heavy masi* of imn b l>y means of the projectionn 
upon the revolving wheel a, and then allowing it 
to descend upon the ** bloom " as soon as the jmssing 
^ the cam hatl relieved it« There were also diflerent 
of 0(|iiee9sers adopte*:! vdth the same object in 
uid one of these — called the " tdligator ** — 
was a very formidable piece of apjuaratus indeed. 
SvBify all these appliances have been iM?|ilaced by 
lll# iteam hammer and by improveil forms of 
rolls^ 

The strains to which the machinery of a roll- 
ing mill are subjected are so excessive and so 
sodden, that the materials reqiui-e to be selected 
with great care, and all the working parts made of 
enormous strength. The reader can readily iinder- 
glRnd that when oftemtions that depend upon the 
H^ temperatui-e of the iron have to be con- 
ducted upon a large scale, any loss of time which 
allow-s the material to cool renders it so unmanage- 
able that it must either break the rolls or stop th© 
engine. It follows that this class of machinery is 
liable to constant accidents, and it is well worth 



L. 



the manufactui'er s while to pay good wages for the 
most highly skilled workmen, in oi*der as far as |>os- 
sible to avoid them. It would occupy ttyo much space 
to descrilxi all the machinery in common use in the 
wrought-iron trade at the pi-eijent day; but the 
** steam hammer'* has taken such an impoi'tant 
phice in the maiuifacture that we ctmnot do better 
than conclude this paytov with a shoi-t account of it. 
Mr* Nasmyth, whose name has been immortiilised 
in connection with this invention, took otit his* 
patent in 1833, and from that time it hiis held its 
own against eYexy other form of machineiy which 
has been designed with, the same objects in view. 
The aiTangement is essentially tlie same as that of 
an onlinary steam engine, in so far as it depends 
for its working upon a piston and piston rod working 
in a cylinder, the movements of which are i*egtdated 
by means of valves that apply the steam to the 
under oi* u|>f>er sides at will In the ca.se of the 
steam hammer, as Urst introduced by Nasmyth, the 
cylinder is inverted, and suppoi'tad by columns 
that are inclined outwar<is, so as tt> allow of the 
ii*on placed upon the anvil- block 1>eing tiuiied 
about from side to side without the tongs of the 
smith coming into contact w*ith the framing. The 
trouble arising from the columns interfering with 
the movements of the workmen led to an ariunge- 
ment known as Eigby's, by which the steam 
cylinder was snppoited upon only one column, 
which is made veiy strong, and admits of the iron 
that is undergoing the process of forging being 
moved through an almost complete circle, Anotlier 
mofiiti cation of Nasmyth *s hammer has come gi'catly 
into use, and was introduced by Mi-. Condie. It 
consists of keeping the piston and piston rod 
stationaiy, and allowing the cylinder itself to rise 
and faU, acting the paH of the hanimei\ whicli 
it is peculiarly well fitted to do, from the great 
weight which is a necessary condition of its oon* 
st ruction. A great variety of mo<iiti cations have 
l>een intivxlucetl, more especially bearing upon the 
valve gear, which is arranged in many cases to 
meet the rt»fiuii^inents of some jmiticular indus- 
tries. In the manufacture of st^-el l»ars that lire 
used for making into tools^ — such as chipping chisels, 
drills, tkc. — a steel ingot is first heated in a furnace, 
and then dniwn out into a long bar by the action 
of the steam hammer alojie. 

The introduction of the steam hammer has, as 
may be readily supposed, facilitat^l to a great ex- 
tent many of tlic operations of the smithy, an*! 
immensely cm-taile^l the InlKiJurs of the blacksmitli. 
Where foi-gings of the same kind are requifed in 
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large quantities^ thej can be produced with ease 
and Hijiidity by means of '^* cresses," or moulds^ into 
which the iron is placed, being heated first to an 
almost welding tenipemture, and then subjected to 
the blows of the hammer. In this w^ay the num- 
berless appliances, such as the cleats, and books 
and eyes, iind bolts ol tbo rolling stock of our nul- 
waySy ai'e turned out at a less cost ].)er dozen than 
they could be made singly by the more laborious 
laboui-s of a blacksmith unaided by the steam 
hammer. 

For some special puq>08es, forging machines 
have been invented, wbich work at the ratye of as 
many a3 1^000 stitikes per miuute, and make the 
Bci'ews and bolts for which they are specially de- 
signed with a rapidity that is truly astonishing. 
Tbei'e is also special macliinery for making livets, 



and bolts, and nuts, which reduce their price far 
below the labour of the anvil There ia no one who 
ever had a higher appreciation of the work of our 
great inventors, or a more far-seeing estimate of the 
importance of their labours, than Sir William Fair- 
baim, and so we cannot do better than conclude thi6 
chapter by quoting a sentence of his on the subject 
of the steam hammer : — " It has given an impetus 
to the manufacture and affords facilities for the • 
welding of large blocks of malleAble ii*on that could 
not be accomplished by the tilt and helve hivmmers 
formerly in use ; and we have only to instance the 
furgings of the stem |>osts and cutr waters of ircm 
Hliijis, the paddle wheels and screw shafta of our ] 
oceaji steamers (some of them weighing upwards of ] 
20 tons), t<o appi-eciate the value, as w^ell oa the j 
intensity of action^ of the steam hammer." 



FOREIGN RIVALRIES. — III. 

IROK MANUFACTURE. 
By 11. R. Fox BovRNB. 



OF iron ore produced in the United Kingdom, 
fur examfdcj duriag 1876, the total amount 
was 16,841,583 tons, valued at je6,825J05, 
and tliei-efrom were extracted 6,555,997 tons of 
pig iron, the value of which was raised by 
eatfienditiire of fuel, labour, and other essen- 
tials, to 1*1G,062J92. Of copi)er ore, 79,25:i 
Ions were produced* w^hicli, aftei- smelting, yielded 
4,69i tons of copper, w^oilh £392,300. The 
l>rod action of tin ore was 13,688 tons, from which 
8,500 tons of refined metal, worth X 6 75,750, were 
produotd. From 79,096 tons of lead o»-e, again, 
(i8,667 tons of lead, worth ^1,270.415, were 
obtained. The quantities and values of zinc and 
uther motal.H manufactured in our country during 
the same i>eriod, were comimratively small. In- 
deed, lis the alx>ve figui^a show, our manufactm^. 
of iron is of far more importance than that of all 
other metals put together, tliaugh out of tlxese 
otiiers» in combination with iron and with one 
another, or separately hfiudled, a multitude of 
tiui^hed ai'ticles of immense aggregate value ai*e 
constructeci 

(Jroftt alarm baa very reasonably been caused by 
the nipid fitlliug off in our iron ti*a*le during the iiast 
f«w years, after a }>eriod which long gave promise 
of unl)Ounded growtlL In 1840, less than 300,000 
tons of iroa of ell Aorts w ere ex|x»rted fi-om this 



country. In 1850» the amonnt had grow*n to about 
780,000 tons. In 1860, it had reachetl 1,500,000 ; 
in 1870, more than 2,800,000; and in 1872. nmily 
3,400,000, Since then, however, there haa been a 
steady downfall, in value aa well as in quantit^r, 
the total of 1876 being barely more thaa S,2i4^00il 
tons. The decline in the home O08i8ttlll|ilioil 
of iron, moreover, following on the wonderful 
aacent of the pi-evious genenvtion, has been quite 
as astonishing as tliat of the exfiort trade, I& 
lioth CiLse.s, the decrease is partly owing to caiiiw 
which, however mifortunate to our meiciuuiti 
and manufacturers, here hardly concern u& Tbe 
enormous demands mndQ U}>on them by (bpeign 
countries, not only for metal goods, but &ba for 
textile fabrics, and other commodities requiring tha 
erection of extensive machinery to manufaotura 
them, encouraged a state of pi-oduction which the 
foreign markets have not continued to justify. 
Our Continental neighbours have, to u lai^e «a- 
tent, supplied themselves from England with dM 
ways, steamshi]>s, docks, and other public wofb 
which they needed — having, in some caaeay greally 
embarrassed their finances to do so — mud oolite 
quently, they come to England much Imn titan thi^ 
did a few years ago for these thioga or the 
for them. Folitical coni[i]icationa, and ihts 
develo|iment oi ri\'al armaments^ moroorw, hftw 
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offered grievoua obstacles to the extension of peace- 
ful arts, and the following of such piuisuit^ as give 
t&ti impetus to industriiil enterprisa All these 
circnmstances seriously atlected the prosperity of 
England without in any way l>enefiting other 
countries. There are other ciitniniiitances, however, 
oOQiOdming which Englishmen cannot console them- 
selTes by reflecting that they are only sharers in 
the general misfortune, consequent on an almost 
universal depression of tnide. Theit^ can l>e no 
doubt that as regards many of the trades in which 
England hna till lately had the supreniacy (if not 

f something approaching to a monopoly),*! formidable 
rivalry baa gro^^ii up abroad, and tki-eatens to grow 
|p4 more; and in no other is this rivalry more 
nurked than in the ii*on tmde. 
Of our foreign rivals, the United States and 
Germany are, jjerhjijisi, the most notable, though 
liltJierto the most energetic competition has come 
from Belgium and Sweden. In 1 87 6, Gre^t Britain 
prodttcod an average of 3 '80 c\ii,. of pig iron per 
tinliabititnt ; while the production of Belgium during 
the same year was at the rn^te of 2 01 cwt; and the 
production of Sweden, in 1875, ix-ached the pro- 
liortion of 1*58 cwt The corresponding proportion 
in 1876 for the United Stat<-s was 1 08 cwt. ; for 
Germany, including Alsace- Lorraine, 0*96 cwt. ; for 
France, 0-80 cwt ; and for Austria -28 cwt j the yield 

kof Russia in 1875 being at the rate of only 012 
cwt Gauged by quantities, however, these countries 
ttenil in a differ'ent onler. Tlu^ prmluction of Cij-^^t 
Britain being, as we have noticed, close upon 
6,55G,000 tons; that of the Unitet! States was 
2,26G,r»(K) : that of Germany, 1,862,500; thut- of 
France, 1,140,500 ; that of Belgium, 540,000 ; that 
of Austria, 480,000 : that c.f Russia, 397,500, and 
that of Sweden ordy 339,ri00 tons. But though 
both these sets of hgures ai*e suggestive, neither of 
adt^|uat*4y indicates the natni-e of the com- 
ition already existing, or to ije looked foi-ward 
tOt between otir own and other ooontries. The 
enterprise shown in Swe<len, for instance, has 
hitherto Ijeen of almost unmix cm:! advantage to 
England, as it has done little more than funiish 

»our iminufacturers with the finest finalities of pig 
iron, by which they have lieen givjitly assisted in 
turning out the most fiiiLsheil sorts of tools and 
machines, Belgium, agjiin, though it has made 
amazing progress in its iron indiiBtries dtning the 

tfusHl qmirtt?r of :» century or so, anil thei'eby has 
done tenijioniry injury tosom»^ bran* lies of Eniflish 
tmde, even com|)eting successfully with many 
Kfiglish makeiD in our own country, is so scantily 
26 



endowed with mineiul wealth as compared with 
Gi^at Biitiiiu — actually, not i-elatively, timt is — and 
is so deficient, moreover, in the beat vai-ieties of ore, 
that the alai*m with which its rapid progress has 
been regaixled has ah'eady nearly spent itself 
England may well be jealous of the economical 
hiljour an-angements iuid the delic^vcy of workman- 
ship that exist in moat of the Belgian foundries, 
and of the increasing imiwrtation into Belgium of 
the superior kinds of iron from Genua ny and else- 
where which might otherwise Uy brought to this 
country for manufactuiing purposes ; but as a pro- 
ducer of pig ii'on, its nvalry with England is never 
likely to be of much account The same I'cniarks 
are, in the main, applicable to France, whose iron 
ores ai^ very similar to tliose of Bctlgium. 

It is from wealthier and larger countries, like 
Germany and the United States, that the greatest 
danger must be looked for. In the second chapter 
of this series, some illustration was f umisheii of the 
rapid growth of iron industry in Westphalia, conse- 
quent on the ojiening up of its coal mines, and the 
facilities thus aflordwl for utilising its mineml 
ti'easures. How much further and how rapidly 
tills growth may continue, no one can estimate ; but 
it is notewortliy that, notwithst4inding its having 
suftereil, on the whole, quite as much as other 
countries from serious depression of trade, and in 
©pite of the obnoxious !i.scal an^angements that now 
prevail in the country, Germany has tided over 
the c\ il perioil of iron manufacture more success- 
fully than almost any of its rivals. Whereas tije 
quantity of j>ig ii-on pi-oduoed from British crfos 
Siink from 6,742,000 tms in 1872, to 0,560,000 in 
1873, and to 5,91U,00U in 1874, rising only lo 
6,305,000 in 1875; the production of German pig 
iron rose from 1,988,000 tons in IS72 to 2,240,000 
in 1873, wftjs 1,906,000 in 1874, and rose again -co 
2,02D,000 in 1875; the supplies of the mrinufac- 
tiirers of ii*on and steel for the same four years 
being 2,087,000 tons, 2,108,000 tons, 2,340,000 
tons, and 2,098,000 tons. It is tme that of tliese 
quantities larger pro^iortions were each year ex- 
portetl to be further manufactured by more skilful 
operatives, and under alder su|»erintenderice than 
Germany itself could atibrfl, the rise as repirds all 
sorts of iron and steel Ijcing from 200,fJtH> tons in 
1872, to 013,000 tons in 1875 ; and the iMf«»!vnce 
to be drawn from tliia fact m sti'engthened by mme 
competent critics. " In funner times." nays Vice- 
Consul Kruge, in his RcjHjrt to the Colonial Ottiw 
for 1877, ** German industry was able to eomfiet^* 
successfully, at least, in uli -^ r.v«v lie called cheap 
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goods, with that of other countries, because she had 
the advantage of cheap and good labour. This ad- 
vantage has been entirely lost since the last war. 
Immediately after the war, Grerman manufactories 
were completely overwhelmed with orders. This 
was an opportunity not to be lost sight of; but, 
instead of trying to secure all such new customers, 
by delivering only articles of unquestionable quality, 
the great majority of manufacturers could not 
abandon their short-sighted policy for the sake of a 
momentary profit, and the natural consequence took 
place. Germany got in worse repute both at home 
and abroad, and the new markets were lost." Other 
opinions, however, are more favouiuble to Germany. 
" Of course, as a manufacturing nation," Mr. A. J. 
Wilson points out, in his work on " The Resources 
of Foreign Countries," " Germany is at present far 
behind us; being immeasurably poorer, more heavily 
burdened in ways that tell on the efficiency of 
labour, and far from thoroughly organised ; but 
these disadvantages will narrow as time goes on, 
unless the trade legislation of the Empire follows 
a mistaken course, and, by taking the i*etaliatory 
and quid pro quo line, effectually stops for an 
indefinite period all progress in this dii-ection." 

In the United States, yet more than in (Germany, 
mischievous legislation, intended for the protection 
of native industry, is a serious hindrance to its 
healthy growth. It has undoubtedly given an 
artificial stimulus to the trade in many districts, 
but already the result of that hot-bed development 
is apparent. " In 1870," wrote Mr. Lowthian Bell, 
in January, 1877, "the production of pig iron was 
under 2,000,000 tons, in 1873 it was nearly one 
half more, and by the end of 1875 the jwwer of the 
furnaces in existence, as claimed by the iron-masters 
themselves, was almost exactly three times the 
quantity it was in the first-named year, the increase 
being equal to nearly 25 per cent, on the entire 
make of the world. It was exi)ected that imme- 
Kliate emi)loyment would fall to the sluu-e of the 
new furnaces by the exclusion of the 1,000,000 tons 
formerly supi)lied by Great Britain, and so far as 
im{)orts are concerned, the hope has all but been 
fulfilled. American consum2)tion, however, has 
fallen off to the extent of one-half the quantity 
formeily imported ; more than half of all the fur- 
naces are idle, and a great number of those in bhvst 
are lasing money, with pig iron considerably dearer 
than it was with a large importjition of British iron 
to meet it in the market" The American iron 
tnwlo has advanced mightily since 1810, when its 
entire production of raw metal was only 54,000 



tons ; and it may be regarded as still in its infancy. 
The source of all its past and future prosperity, 
however, must be found, not in a short-sighted 
protective policy, but in the abundant and excel- 
lent mineral stores of the country and the enter- 
prise of its people. 

In the manufacture of iron, more than in most 
other industries, success depends on the skill shown 
in making the best use of the special oonditionr 
under which the work is carried on. Not only are 
there infinite varieties of iron ore, each charged 
with its own proportion of foreign associates, some 
of them, like manganese and silicon, more or less 
favourable to the production of good and service- 
able iron — or at any rate, harmless — and others, like 
sulphur and phosphorus, very baneful and very 
difficult to separate from the pure metal ; but also 
nearly each kind of ore requires a peculiar sort of 
fuel to purify it — some varieties of fuel being posi- 
tively injurious to certain ores, while they can be 
safely used with others. Hence, each country, and 
often each district, has to discover its own best 
mode of dealing with its special ores ; and it is by 
no means easy to institute a comparison between 
the processes adopted in various localities. Some of 
the most ancient, and, as an English iron-master 
might consider, obsolete processes, like the clay- 
boxes employed in the East Indies and the primi- 
tive Catalan forge, are still found more oonvenient 
than any others among civilised and scientific work- 
men ; and often fuel, not itself the most suitable, 
lias to be employed because it is the best within eaay 
i^each of the ore ; but, as might be expected, there 
has generally been a good deal of blundering from 
too servile imitation of existing methods, adminUe 
where they were first adopted, in places for which 
they are unfitted. The increased competition of 
recent years, however, and the spread of scientific 
research, has effected a considerable change, and 
now we find that, if in most foreign iron fields finee 
use has been made of the pioneer experience of 
England, the foreign iron w^orkers have adopted 
many expedients of their own, some of which 
Englishmen may study with profit. Thus, while 
the example set by Sweden in smelting its pi^ 
iron in small charcoal furnaces — a process quite out 
of the question in England — has l^een successfully 
followed in certain parts of America, this method 
seems destined to give way to the altogether 
different anthracite process which has been de- 
vised in other parts, and which may, perha|is, be 
followed with advantage on this side of the At- 
lantic. Anthracite coal, though plentiful in South 
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is very little used amoug us for smelting 
[)Ur[K>fles ; nor is there any general iniitiition 
throughout EuTOj>e of the successful plan adopted 
at Creuzotj in France, of cnishing the antljnicite 
iiul mixing it with a binding coul, so as to form a 
werj powerful coke. In the L^nited 8tates» wheiT 
the ubundaooe of thia variety of coal makes its use 
veiy imfxtrtant, great ingenuity has been shown in 
making it servicejibje. *' In Ameiica," says Mr, 
Lowthian Bell, ** chiefly by the use of blast obt4iiiied 
by very jK>werful mafhiiiory at twice the pi-esaure 
of tiittt commonly used with us, anthracite coal is 
almost as easily manttged as is so much coke": and 
Dr. Siemens gives an interefiting account of his 
obcsm-vations concerning the utilisation of anthiTu^ite 
in the Schuylkill district: — '*The raw anthnicite 
■A it comes from the mine is raised to the top of a 
ivooden structure, JiO or 70 feet high, in det>ceudiug 
tlnoagh which it is subjecteii to u scries of uf^eni' 
iiomi of crushing, dressing, sieving, and sepai-ating 
of slaty admixtures, and is then delivered through 
fefnirat'e channels into itiilway wjigons," It was 
formerly thought almost impossible in England or 
Soothuid to prtnluce a ton of pig iron with less 
than three iona of coal Now, the average is about 
two and a half tons. If the Americans can eHeet 
A further economy of even no more thiui half a t<»n 
(aiui they expect to do much more), their ml vantage 
over our own iron- masters %vill be veiy great. In 
187G they obtained 71)4,578 tt>ns of pig by help 
ol anthracite, 308,049 by help of charcoal, and 
990,009 by the usual European process of mixing 
bitumtnouB coal and coke. 

Economy of fuel will prol>abiy always l>e tiie gi^eat 
abjc*ct aimetl at in smelting operation.s. Economy of 
labour, or rather the substitution of machiiieiy for 
manual work as far as jiossible, is the great thinj? 
to lie sought in puddling openitiouK. The fit>t iui* 
portaut experiment in this dii^eiion was mivde some 
t^veuty years ago by the Dowlais Iron Comj)any, in 
Ghuoorganshire, which 8|>ent about £20,000 on a 
phio for keeping the crude iron in a flui<l state, in 
m revolving barnd of refi-actory material, until the 
operation luul l*eeu completed. This device lias had 
to be aliandoned, and the improvement upon it 
introduced in 1871 by Mr. Bnnuiel Daiiks, of CHn- 
^liUMti^ cannot yet l»e regarded as a success. No 
lem an authority than Mr. Lowthian Bell, however, 
iji of opinion that efforts made yet more recently in 
England may overcome the ditficulties hitherto 
insurmountable, and that ** thei^ appears every 
reaaoD fm- ho{iing that mechanical purldling^ Wfoi-e 
long, may be generally introdi^ced Lu this country." 
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Should that be the case, the advantage would l»© 
immense, though pi-obably, in the long-run, England 
would gsiin less thsai its rivals. Nearly the most 
laborious occupation in which a man can ejigage, 
HUil one winch, on philanthropic and hygienic 
gi*ounds, it would be very desirable to perform by 
machinery, puddling is an art in which Englishmen 
excel, mainly because it so hea\aly taxes the powers 
of human endurance. Puddlei's claim, and deserve, 
high wages for theii* work, and the wages in Enghind 
ai*e about twice as high as anywhere on the Con- 
tinent, the American rate alone being higher;* yet 
the work produced in this country is really chea|>er 
than that of any other, by i-eftson of the 8uj>erior 
skill of the workmen. When mechanical de\"ioes 
8U|>er«ede all the most trying hjuid labour of the 
piuldler, we shall lose the sj:»ecial l>enetits we derive 
1mm the ti*ained muscles and nerves of our ofiem- 
tives, 

The same is true of all the othei* branches of 
the iron tmde, and es|>ecially of steel manufactui-e. 
Our natuiid ail vantages in the [K)HHession of suitable 
and accessible coal beds and iron mines can only be 
ovei-oome by the discovery and oi>ening up elsewhere 
of mineral treasures as rich, or, »us i-egards fuel by 
the invention of some l>etter purifying iigent than 
coal. Our mitional pride in the physical sti'ength 
and endurance of EngHshmen, moreover, may be so 
well gronudeil that we may defy all the wrjrid to 
piTKhiee an hardy and succesHful workmen. But 
the gains of seienti6c reseai*ch, or even of acci- 
dental discoveries in the region of science, cannot 
lie so loealised. In other parts of this work our 
I'eadei^s will leurn what nmr\Tllous improvements 
have been made during i"eeent years in the mani- 
pulation of hrm and other met&la. In some 
instances, the deticiencies of other coui\trie4* in 
natuiul advantages have led their enterprising men 
to strive all the more zealously, anfl in the end. 
successfully, after com|iensating scieiitilic gains. In 
a giimt many, of coniTie, England has taken the 
lead ; but wherever tlie inventions have strn'tcKl, 
they have soon been ojieii to all the world, and. 
whether Elnglish or foreign, have not rarely proved 
more Vieneticiid to for^ignei's than to Englishmen. It 
is im|M>ssible, for instance, to estimate tlie relative 
effects u|Kin this and other countries constHpient on 
the gi-eat revolution in the iron trade now going on 
thix>ugh the s^ibstitution of stec^l for iron, which 

* In 1873, the irsgei of fint-hiuifi faidilim, for a daj of 
twelve hoitra, iivcrmged 16b. 4d. iu the Unittnl Stat«i»; 10b. in 
Grent Briiidn ; nt. M. m Belgium ; 4i. 8i]. hi UemiaDy ; and 
in, Iki. in H\mn. 
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begftn only alx>ut 185L Kmpp, of Essen, then 
ftstoTiisheil tlm world hy exhibiting a steel ingot 
weighing 2,5^)0 lb. » hs well as hin tii-st steel gnn iiud 
othor articles made of the same materiaL Ki*ypp's 
innovations were crude and costly, but, besides 
being of great Vidue to liiniself iji vastiy developing 
his own business J tbey gave* a atimnlu.s to otlier 
innovators from wliicli wondei-ful residts have fol- 
lowed. Mr. Beasemer*s exi>eriment8 and achieve- 
inent% fniitfnl enough in his own hands, bave 
been greatly improved npon by utheiis, and now 
Beaaemer steel threatens to become a more im- 
portant article of ti-ade than wrought iron, 
nnle.ss it is itself sn|>ersetk.Hl by the outcome of 
the yet more modem Siemens -Martin prcxiess. Ex- 
tensive and profitable as is tlie adoption of these 
new methods in England, they promise— or, shall 
say, tlireateni — to be yet more beneficial to 
ac of our foreign rivals. If a gi^at nund>er 
of articles, formerly made of ii-on, can V»e now 
more cheaply made of steel, foreign enterprise 
appears to gain most by the change. In the 
United States, for examfile, wlule 541,229 tons of 
Bessemer steel wei-e produced in 1874, the quantity 
ha<l risen to 1,062,336 tons in 1875. and to 
1,477,931 in 1876 ; and against about 7,0U0 tons of 
Siemens-Martin ?teid manufactured in 1S74 — ^the 
year of its intixKluetion — must be set 9,050 in 
1875, and 21,490 in 1870. In the whole btisiness 
of Bteel-iuaking the Americans are very successful 
" At Pitt-sburg/' says Dr. Siemens, " where [iot- 
nielting is employe<l on a consitbrable scale, plum- 
bago pots, having nearly donble the capacity of the 
ShetheUl clay jjots, are invariably nse<L Eighteen 
or twenty-four of these pots, eiich containing about 
hundredweight of metal, are placed in a gas fur- 
?tiace, and each pot lasts twenty-four hours, yiekling 
five chai'ges during that interval. The fuel con- 
sumed amounts to one ton of small slack per ton 
of steel melted, which is dehveretl to the works 
at the surpi'isingly low price of 30 cents i>er torn" 
At Sheffield, from two and a half 1^ thi*ee tons of 
Durham coal are oonsuuied in the like procesa The 
growth of the steel trade in Belgium is smaller, 
though hardly less rapid. In 1864, the country 
ha«l only one Bessemer converter, which produced 
1*6 tons of Bessemer steeJ, worth £7,072, The 
fkM in 1874 was 36,584 tons, worth £461,498, 
and in 1876, 71,758 tons, worth, notwithstanding 
th« great reduction in price, £592,730. Supplying 
ite own lack of suitable ore by importations fi'om the 
neighbouring iron fields of Germany, Belgium may 
mooeed in further developing tliis trade very greatly. 



An example of its enterprise may be seen in the 
fact that in \b76 the Cookerills of St^ratng leaned for 
twelve years certain Oovemment works in Huzigaiy, 
to erect steel works capable of turning out 150^000 ] 
tons of steel rails in the fir^it year, and double ' 
that < quantity afberw^ards* Their obtaining Kuch 
a conti-act as this, whicli, till lati-ly, would havft i 
been considered almost the prerc^ative of an 
English firm, was due to a new rail mill erected hf 
them, and surjiftssrd only by some works in 
America. 

These illustrt'Ltions, which we have not s^mm to \ 
amplify, may suffice to show what dangers are in ' 
tlie way of Knghuid's continue*! supremacy as an 
iron -manufactu ling nation. It is true th%t tlie 
develojiment of the trade in m*j«t parta of Eurofie, 
though hardly in the United Stat<^, is largely du^ 
to the investment in them of English capital, for 
the use of which there are no facilities at home, 
and that thus our countiy gets back a share of the 
pixifits of the entei-prises ; but, however beneficial 
these o],>erations may be, they show that a great 
cliange is imminent in the position of England, 
which formerly considered itself to be almost the 
only great manufacturing nation in the world* 

Al)ont the manufactm*e of other metals indigo- 
nous to our coiuitry, very little neetl l>e i^iid lw*re. 
Though the native supply of tiii VEnee oonaid«^ 
ably, its deficiencies are more than compensated foe 
by the increased im{>ortation of the mei^d in a crude 
state; and, as it is now most largely iisetl in the 
preparation of tin plate and brassi, England may 
expect to be at great advantage in working it up as 
long as it is foremoi?t in the tnwle in thoae two 
commodities. The deficiencies in the home pro- 
duction of leud and zinc ores are also more than 
made up for by the ini]»oi*tiition of thosia tnetah, 
which, besides being ripplied to miscellaneous V8tt| 
lu-e also, like tin, extensively employed in oom* 
bination with copjier for tlie manufiU!tui^» of bnudk 
In the working up of copi»er, England has almofi 
a monopoly. Not only is it found exp«idient to 
send nearly all the ore extracted in Cornwall and 
other }«irts of our own country to t he Swansra dis- 
trict — which has special tul vantages fur tlte deiicafee 
and complicated processes of refining it — ^bui a mart 
large profMH-tion of all the ore extracted in Soitlli 
Africa, Britisli Noith America, K|iain, Ttalj, and 
elsewhere, is dealt with in the same way. Knglaod 
has not at present much to fear from the tivmli^r eC 
foreign C4>u nines in the manufactui'e of theao BiietAli^ 
With gttld and silver — which c«*ri lianlly \m ooo» 
gidered English metals — it is iliiierenL 
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COTTON.— VI, 

aiiPTON'a REWARD — THE SLUBBING-BILLY — THE SELF-ACTING MULE — RICHARD ROBERTS. 
Bif Davtxi Biicicxisii, Avthoii uf **The Ixdustries uf Scotlanu/* 



WHEN Cronipton returnc-cl from liis visit to the 
manufacturing ili«tricts, and made a Btatemeut 
aj6 to the extent to which lijs invention was lieing 
emplojed, he sticeeeded in awakening fi-esh int^^n^st 
in his case, and was enconmged to present a me- 
moria] to Parliament, in which he claiiiied some 
national recognition of the services he Lad rendei^l 
to the country by the invention of the spinning 
mule. In February, 1812, he imx^eeded to Lcindi»n, 
and laid his case before Mr. Spencer Perceval, the 
Chancellor of the Exchequer, who gave him a kind 
reception, and undertook to preiient his memorial 
to the Hoase. The petition was refened to a com- 
ttiittee, who, after inquiring into the merits of the 
case, reportetl that the petitioner apj^jeai-eil to them 
to be deaerving of a national reward. On the 1 1 th 
of May, Crompton went to the House of T ■ommonH, 
mB it was understood that on tlmt day the Chancel- 
lor of the Exchequer would bring forward a motion 
in fi&vour of making Mm a grant from the public 



treasury. He was standing in the lobby with Sir 
Kobeit Peel and othei's, w*hen Mr. Perceval entei'e^lj 
and remarkeil to Sir Robert that he w^ould be gla^l 
to learn that the Government meant to pn »p«>se that 
£*20,000 should be iiwarded t« Crompton. On 
oWrving that ho was the subject of conversation, 
Crompton niovtHl away, but he had not gone far 
before lie heard the i^eport of a pistol, and saw a 
rush of peoph:^ to the spot he had just left. To his 
consternation, he hvirned that Mr, Perct^val had Ijeen 
ahot By this eventi the hopes so neai*ly rt^idised 
were frustnU^'d, and Cixaiipton i-eturoetl to Ids 
lo<lging8 with a heavy heart. The country was at 
this time in a very unsettled state. Thi-ough the 
war with France timle Iiad rc^ceiveil a serious chock, 
and fitym vanous causes the prices of pi-o visions 
n>8e to such an extent that many of the working 
|K)pulation of Lancashire and Yorknhire suffeix-d 
severely. Political disaffection ensued, and niol^s **i 
rioters rose in several quarters, destroyed mills 
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and machinery to a large amount, and murdered a 
number of persons. It became evident to Crompton's 
friends that the time was not favourable for his 
claim receiving the consideration it deserved. Still, 
it was determined to press forward with it. On the 
24th of June, Lord Stanley moved " that a sum not 
exceeding £5,000 be granted to Mr. Crompton for 
his invention." The motion was agreed to without 
dissent. Crompton's idea was that his gift to the 
nation would have been worth £50,000 if he had 
kept it in his own hands, and he, as well as many 
of his friends, was grievously disappointed on re- 
ceiving what Mr. M*Culloch, in his "British 
Empire," describes as " a pittance hardly adequate 
to defray the expenses of the application." Cromp- 
ton spent five months iu London in connection 
with obtaining the award, and the outlay during 
that time, and also on his journey through the 
manufactuiing districts, was considerable, while, 
in addition, he had to pay the expenses of the 
witnesses he brought to London to establish his 
claim. 

Writing to a friend with reference to the award, 
Crompton said : — " It always appeared to me 
that the leading men in the Government did not 
consider the case, but the man, who, they venturetl 
to suppose, had never had command of a thousand 
pounds, which is a sad mistake, or th(^y would never 
have said, *Give him £100 a year — it will be as 
much as he can drink.' But I have one comfort, 
that I have told it often to them (after the case was 
made out), that me they could not dishonour ; all the 
risk lay with themselves ; and when I saw they were 
determined to go in theii- own way, I felt exti-emely 
sorry that I had evvr come forward and given th(»m 
an oi)portunity of dishonouring themselves." The 
art of war would apjiear at that time to havcj been 
held in greater honour than the arts of peace, 
for on the same night that Crompton's jxitition was 
presenU^d to the House of Commons, Earl Gros- 
venor suggestwl with favour in the House of Loixls 
tliat £50,()()() should be investf^l in trustees for the 
puq>ose of purchasing freehold property to descend 
to the heii-s of the Duke of Wellington. Mr. 
Palmer, of Bath, the originator of tlu* system of 
stage coaclu^s for the carriage of the mails, Wiis a 
much more fortunat*? man than his coutemj)orary, 
Crompton, as \iv was rewarded from iii-st to last by 
the payment of £160,000 in consideration of his 
services to the Stiite. In company with two 
of his sons, Crompton, soon after ivceiving the 
(foveninient gmnt, added calico bleaching to his 
other business ; but the venture did not prove a 



successful one, and was abandoned. His family had^ 
meantime, taken to various pursuits, and he wa« 
left alone with the small spinning and weaving 
business which he had established in Bolton. He 
devoted much attention to the weaving of fSancy 
muslins, and displayed great ingenuity in the pix>- 
duction of new patterns. Anything novel from his 
loom was eagerly watched for by his unscrupulous 
competitors, who possessed the power of imitation, 
though not of invention. At this time we find him 
writing in the following vein : — "To this day, though 
it is more than thirty years since my first machine 
was shown to the public, I am hunted and watched 
with as much never-ceasing care as if I was the 
most notorious villain that ever disgraced the 
human form ; and I do affirm that if I were to go to 
a smithy to get a common nail made, if opportunity 
offered to the bystanders, they would examine it 
most minutely, to see if it was anything but a 
nail." 

Though his own country treated him ^dth so 
much indifference, Crompton's genius had attracted 
attention in other parts of Europe, and manufac- 
turers from Austiia, Switzerland, and France sought 
him out, and personally tried to induce him to leave 
England and exercise his inventive faculties in pro- 
moting the manufactures of their countries, where, 
they severally assured him, his services should not 
go unrewarded. His answer always was, that he 
could not bring himself to think so ill of his native 
country, with all its faults, as to prefer any otlier 
offered to him in exchange. Old age came on apace, 
and with it Crompton's fortunes did not mencL His 
returns from the little factory dwindled down and 
down, until at length the originator of the imtold 
wealth and activity that filled a large district of the 
countiy, sank into absolute poverty. At thLs crisis 
a few Bolton gentlemen came to his i-escue, and 
succee(U»d in raising a fund sufficient to secure an 
annuity of £63. They also had his portrait engraveil. 
and the receipts from the sale of it were designed to 
go for his benefit. " But," says Mr. French, " the 
benefit must liave Ikjcii small indeeil, as very few 
co]iies were dispased of. Probably the manufacturing 
public of Lsmcashire disliked to see the face of a 
man whom they could not look ujwn without |»in- 
ful i-ecollections of the neglect and ingratitude of 
which too many of them had been guilty." 

Mr. Huskisson, in addi'essing the House of Com- 
mons, on the 25th of March, 1825, with rt^ference 
to the consolidated customs duties, touched uj¥>n 
the marvellous progress of the cotton tra<le, and tht* 
speech attracted so much notice throughout tlie 
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country, tliat some of Crompton-s friends thouglit 
the moment opportune for iigam briniring hi** ejise 
before PaHiament, JMr, J. Fjrowii, of BoJton, took 
» leading part in the movement, and made the 
nature of Cn>mpton*8 claim ap]i«reiit in a pamphlet 
entitled, "The Baaia of Mr. Samuel C'rompton's 
claim to a second remunenitioii fi*om ParHament for 
hb discovery of the mule spinning machine." In 
Maj, 1825, a memorial addi^essed to the Lords of 
the Trea«iiry and the Premdent of the Board of 
Tmde was drawn up, and received the signatui-es of 
nearly all the machiDe makers and manufat'turers 
in Bolton. Tlje memorial doe?; not, however, apjHtiir 
to have l>een preiiented. At all events, no additional 
award was obtained for Oi-ornpton, whose embittertnl 
Jife terminated on the 26th of Jime, 1827, Tlie 
plain slab wliich covers hia gvave in the parish 
chuTchyanl of Bolt^jn, beai-s the iusf riptioo : — 
** Beneath this, st<»ne ai^ iutent-d the mort4xl reniains 
>pf Samuel Crompton, of Bolton, late of Hall-i*-th- 
Woucl, in the township of Tong, inventor of the 
spinning machine called tlie mule; who departed 
this life the 26tli (hiy of June, 1837, aged seventy- 
two years." A stjitue of Crompton w:iB a few years 
ago erected at Bolton by public suliscnption, 

A machine, whicli played an inifmitant pait in 
the early daxH of the cotton mannfacturej and 
proved a valuable aiLxiliary to the spinning ma- 
chineTj of Arkwright and Cromjiton, wai* the 
** si ubbing- billy/* It Wiis devised by a mechanic 
nameil Bt<:»ckport^ of Manchester, and its purpose 
was to nnite the short lengtlis uf canled wool 
pixjdnced on the stock or cylimler ciuiisj and con- 
vert them into rr^vingH. In geuend ji|)pearance it 
bore some i*e«emblHnce to the spitiningjenny ; and 
it is only usefid to descriliC it here for the pur^M>se 
of marking a stage in the remarkable history of 
cotton-sj>inning machinery. The billy consiHted of 
an oblong fitime which gave suppoi-t bo the working 
parta of the machine. The^se consLsteil of an endless 
fe^l apron which tmvelled over rallei^, and a car- 
riage on which wei-e placed the spin^Ues for the 
formation of the r<>\nng. The *^canl ends," as the 
lengths of carded wool were cjxlled, were phioeil on 
tJie apron by one ojierative, and another worked 
the macldne. As the cai'dings were (^irifMl forward 
by the apron, they phased I between a pair of rollers, 
and thence between a pair of clasps. When a 
portion of the cardings, sufficient for one '*draw," 
had been paase^i out, the clasjis wern clt^seil, and 
the carriage with its npindles, to which tlie i>"spec- 
tive cardings bad been alreaiiy attache*!, was slowly 
withdrawn, the Kpindle^s meantime I'cvolving, and 




imparting to the soft sliver of wool an amount of 
twist snrticient to tit it for the operation of the 
mule. AfU^T being drawn out to the full extent, 
the carriage was pushed towards the apron again, 
and dwiing its pix>gre*js the lengths of roving formed 
were wound ui>on the sjiindles. A fn>sh supply of 
cai-dingH was then let out, and drawn and twisted in 
tlie same way. Tlie spinner pushed forwaril and 
withdi^w the carriage with Ids left hand, while 
with the right lie tui'ned a wheel which gave motion 
to the spindles. The weiglits seen at one end of 
the macldne, luid the lever under it, constitute a 
simple but highly ingenious arrangement for mov- 
ing the apron, and carry big forward the rec|uired 
length of cardings at the proper momenta The 
pei*son who fed the machine with cardings joined 
the ends of the resjjective lengths by slightly twist- 
ing them between the finger and tlnmib. The 
spindles were turned by a series of cords prissetl 
over a tin cylinder extending across the lower part 
of the carriage, and set in motion by a l>elt fi^om 
the wheel tmiied by the spinner. The rovings were 
evenly disjiersed over the length of the spintlles by 
means of a wij-e which extended across the machine, 
and by depressing or raising which the winiling was 
conti-oileih The machine was improved by successive 
inventors, but was at length superseded by the 
roving machinery tliat formed part of Arki^Tight's 
system. 

Crompton^a mide had not been long in use liefoi^e 
attempts were made by various j^ersoiiK to ini[ trove 
upon it, and considentble ingenuity was displayed 
m this direction. By the introduction of metal 
ixjllers Mu\ accurately made wheel-work, the quality 
of the yarn was much improved, and by building 
machines containing over a hnnrlred s^dndles e^ch 
the production was greatly inci-eased, 

Fn>ni the account of these improvements given 
by Mr. Baines, we gather that one of the tirst 
mechanicians who attemptetl to jiender tlie undo 
more periect was Mr. Henrj Stones, of Norwich, 
who saw that by introduchig metal in various 
parts w lie re Crompton employeil w<.>oil, and giving 
greater exactness of form to the mechanism gene- 
nil ly, better work would be pi*oduced. Acting on 
this idea, he mtwle a mule which was found capjible 
of pi *:k hieing a much finer quality of yam ; and 
subsequently he increased the number of spindles 
in the machine to over a hundreiL Mr. Baker, of 
Bun% jind Mr. Hiugraves, of Toddington, effected 
further improvements; and in the year 1790, 
Ml, Kelly, of the Lanark Mills fiuccessfully ap- 
plied water fwwer to the male. This suggested a 



200 



GEEAT IKDUSTIUKS OF GREAT BRITAIN. 






further increase in the number of spindleH, and 
Mr* Wright, a niachiiie maker, of Mancbt^ter, j»m- 
duced a '*do*tljle mule»" in which 400 spiiullea 
wore successfully 
worked. A year 
ar two kter, Mr» 
Kennedy, of Man- 
chester, made eer- 
tiun altemticas in 
the wheel-work of 
the muk% which 
greatly accelemted 
its action. Mean- 
time, several nie- 
chunicians Imd 8^t 
to thoinseh'es the 
difficu 1 1 I iix>lilem 
of making the 
mule a self-acting 

machine, and it in I relieved that so early as the year 
1790, Mr. W. Stiutt, F.Rb,, of DerViv, son of Mn 
J».«dediidA Bunitt, the jiartnef of Arkwright, deviled 
a self-iicting mule, hut owing t-o the difficulty in 
those dayy of tindiiig workmen eapalile uf making 
machine» in which git*at nicety was I'equired, the 

invention did not rt'ach 

a jimutical is-sne. In 
1792, Mr. Kiliy, men- 
tioned above, succeiileil 
in making a self-acting 
mule, whicli he con- 
tinued to work until 
the machine was sujier- 
Keded by othei^ iu 
which ceitain defecta it 
poast^astHl had been 
o V e r c o m t\ To M r. 
Richard RoUTt«, of 
Manchester, however, 
belongH tfie cn*<iit of 
making the first f>eif*vt 
nelf'iicting mule. The 
Oattou Hpinnei-H of Man- 
cUt^ter were not cjuitt' 
mttisfied with the mule 
as it existed, and lU'ged 
Mr* Roliorts, who was 
well known for liia 
gn^t mechanical iu- 
guniiity, to toko up the 
maohijie and tiy to 
remove ita defeeta. The 
&nii m wliich Mr. 
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Robe lis was a (lartner was engaged at the 
iu devising a l<x*omotive engine, and as that 
engrossing all his time he declineil to listen to the 

cotton sfytimen. 
At lengtli he 
yielded to their 
entreaties, had t 
mule erected in 
the works that he 
might study it, 
ami soon he wait 
aide to announce 
tjidt he had sue 
'ded in effecting 
\4ii'iou8 improve- 
ments* He olr 
tained a |j«a«tit 
far his invention 
iii 1825, luui the 
machine w^is hailed as a most imi^oilant ac ooo ri o tt 
to the cotton mills of LunctisJdi'i', In 1830 ht 
obtained a i^ieeond patent for iurther irnprovemrtfitit, 
find the self acting mule now ctime into ext-ensive 
use. Tlip ailvantagea secured by the machine have 
been enumei-ated as follows: — Tlir saving t*f m 

spinner's wagea to ea :h 
|iaif of muh^ picc«?rR 
only beiijg n»<|nii\*«i, aa 
one overluokc'r ia ^aiffi 
dent to maiiagfi m or 
eight fNiirs of mtikai; 
and the production of 
a gi eater quanlity ^ 
yarn, in the nttki tji l& 
to 20 |>er eeiiL Ha* 
yam p<jssi\sses a mmr 
luiiform d<«gret* oClwiafi, 
and is not liable la 1» 
strained during tli# 
spinning, or in windi^ 
on, to form Uie cn|i; 
a atsitq ucn Uy , Cb v«r 
threads are broketi m 
these proceMQA, and 
the yunu from liATtl^ 
fewer piecing^ is mcve 
reijidar, ^Hi*^ co|w an* 
made tinner, cif brttrr 
sha])e, and iiitlt un* 
donating uoiformilj . 
anil, £>x>m bettig mare 
i"egularly and linnhr 
i^,;^, ; woiuid, ountaio tvom 
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one-third to one-half more yam than cops of 
equal hulk wound by hand: they are, conse<|ueiitlyy 
leas liable to injury in packing or in carriage, 
and the expense of packages and freight (when 
charged by measurement) is considerably i-educed. 
From the cops being now regularly and fii-nily 
wound* combined with their superior formation, 
the yam intende*! for warps le^s f fluently breaka 
in winding or reeling ; accordingly, there m a 



tion will be given in a subsequent i>aper ; but, first, 
the pi'ocesses through which the cotton has to pass 
befoix? it is ready for the mule, will have to be 
explained and ilhiatrated. 

Richanl Roljei-ts, the inventor of the self-acting 
mule, was a remarkabh* man. He began life with 
many disadvantages, but rose supeiior to them all, 
and achieved a high |x)sition among mechanicians. 
His father wiis a slic^emaker in aii obscin*e village 
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iderable sa^'ing of M^iste ui thoHc- processes. 
Ir, Roherts*8 mule has been motlified in various 
parte by 8Ui?cessive inventora, but ita leading prin- 
ciples remain untouched. Among the names of 
[lafcentees of imin'ovements in the niule, are those 
of >Ir» Potter, of Manchester ; Messrs. Higgins and 
Whitworth, of Salford ; Mr, Montgomeiy, of John- 
atiine ; ^lessi's* Cmig an<l Sharp, of filivsgow ; Messi's. 
FaUT, Cortii*, and Madel«\v, of Manchester ; Messrs. 
Dobdon and Barlow^ and Messi^ P. and J. McGregor, 
of tlie .siime city. If an>ihing in the shape of 
meehanium can lie pronounced jx^rfectj the mule, as 
now constructed, is entitled to that designation. 
A full description of its parts and mode of opera- 

26 



in North WiiicH. For some reason. Richard was 
never sent to school, though it is believed that his 
father gave him a little instruction at home in 
letters luid figures. At an early uge he was sent 
to work in a slate qiiarr}^ ; subsequently he was 
employed on a canal boat; and later he held 
the position of sen^ant to a gentleman in the 
neighbourhood. It was while in the last-nanu*d 
situation that tiro youth's latent genius Wiis 
awakened Richtird*s employer was an amateur 
tunier, and the hid l»ecarne fascinated by the lathe, 
seizing every oppiirtunity <*f practising on it» until, 
at length, he liecame an exiwrt turner. Having thus 
discovered how his luitui'al ca [labilities ln\\ Richaiti 
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Houglit more congenial employment, and engaged 
himself to a machinist near Bolton, as a pattern- 
maker. Having gained experience in this, and 
other like occupations, he desired to improve his 
l)osition by obtaining employment in some of the 
gi'eat work -shops of the metropolis ; and with this 
view he, in company with two young fellow- 
workers, walked all the way from Manchester to 
[jondon. He succeeded in obtaining work in 
Maudslay's famous establishment. Having acquired 
sufficient knowledge of his business to warrant his 
stai-ting on his own account, he returned to Man- 
chester, and, hiring a small house in Water Street, 
fitted up one of the bed-rooms as a work-shop. He 
then publicly announced that he was prepared to 
execute mechanical work, and " screw cutting on 
reasonable terms.'* One of his biographers, referring 
to this period, says: — "His fly-wheel was in the 
cellar, and his lathe up-stairs in a bed-room. The 
strap passed through the living-room of the groimd 
floor, and the power that turned the fly-wheel was 
Roberts's first wife." He foimd abundant employ- 
ment, and his fame as a producer of exact work 
became widely known, and his way to prosperity 
was assured. The invention of a gas meter, and the 
slide lathe, the slotting machine, and other engineer- 



ing tools, secured for him a high position in the 
mechanical world. Business flourifihed apace, and 
ultimately Roberts became partner in one of the 
most important engineering firms in Manchester. 
Here he found full scope for his inventive powers, 
and it was as a member of this firm that he effected 
his well-known improvements on the locomotive 
engine, and invented the self-acting miile. Some 
of his leisui-e he devoted to scientific research, and 
constructed a large variety of ingenioiis appliances 
for experimental purposes. A selection of these, 
borrowed from the Salford Museum, was shown at 
the Exhibition of Scientific Instnmients, at South 
Kensington, in 1877. The closing years of Roberts's 
life were spent in London, whither he removed oo 
the cessation of his partnership with Mr. Sharp, it 
Manchester. In the metropolis he followed the 
occupation of a consulting engineer, and by his 
advice many important inventious were carried 
through preliminary difficulties to success. He 
died in March, 1864, in the 75th year of his age, 
and was buried in Kensal Green Cemetery. The 
funeral was a public one, at which many of the 
leading engineers, a laige number of the deceased's 
Manchester friends, and of his old workmen and 
pupils, were present. 



SHIP BUILDING.— Vn. 

SYSTEMS OF FRAMING FOR IRON SHIPS. 



THE external form of a ship is governed by 
considerations connected with her extreme 
dimensions, speed, and carrying power ; and tlie 
builder has to make the structural arrangements 
conform to these ruling conditions. His object is 
to jussociate the water-tight skin with such internal 
framing as will secure practical rigidity in the struc- 
ture, under all conditions of service ; and with iron 
or steel as his material, this object can be attained. 
Two principal chisses of straining actions have to 
\)e considered and provided against, in order that 
th(^ fonu of a ship may remain unaltered. First 
and most important are the Uyngittulincd' strains, 
tending to make a vessel l)end lengthwise ; and of 
little less importance are the transversa strains, 
t4»nding to pro<luce racking or distortion in the 
.ithwartship sections. Longitudinal bending results 
tVom the unecjual distribution of the weight and 
i nu) viincy along the length of a ship. Near tlie 
Ujw and stern, where the form of a ship is 



mtide fine in order to lessen the resistance, the 
weights of certain portions of the length almost 
always exceed the buoyancy. At other parts, and 
usually near the middle of the length, the converse 
holds good, the weights of these portions beinir less 
than the corresponding buoyancy. And so, finally, 
the structure is subjected to a series of upward and 
downward pressures, which make its condition re- 
semble that of a beam sup|X>i-ted at a series of 
points, and loaded between the supports. Amongst 
waves this inequality in the distribution of weight 
and buoyancy is exaggerated by tlie departure of 
the wave-profiles from the hoiizontal surface of still 
water ; and the longitudinal bending strains are 
still further increased by the pitching motions im- 
pressed upon a ship. In fact, scientific investiga^ 
tion has not succeeded hitherto in giWng any quan- 
titative measure of the maximum longitudinal 
stmins to which a ship may be subjected, and ship 
buildei-H have to proceed largely u)x>n methoda 
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of oompaiison and inference in providing for the 
longitudinal »ti'©ngth. Ah the leiigtliu and prapor- 
tions of ships have been increased, the cases have not 
T>eeu few in which weaknesses have displayed them- 
fielveci ; And out of the ntiidy of these case« uf partial 
laiiure — the ** morbid anatomy of ship building,'' as 
it has been termed — have grown some of the chief 
improvements bi subsei|uent practice. Even now 
there is i-oom for fiirther progress, all the lessons 
of exijerience not ha\Tiig been leanit ; but it will 
A|ipeaiv as we proceed, that commercial considera- 
tiotis nittiirully have gi^eiit weight with the sliip 
builder and shijj-ownen A system of constnicti<:m 
may be theoretically |iei*fect, yet it will not displace 
■ • ob<mper but infenor naode, so long aa the latter 
Hmhuh ordbiiiry rpqidrementa. To these gcnend 
^Pmi^lon lougituclinal strains, two de&nitions may 
be added of tet.4inical terais in common use, A aliip 
i& 8&id to *'hog" when her ends dn>p i-ektively to 
tiie middle of her length ; and to ** sfig '* when the 
■Ufidle di'ops nilatively to the ends. The French 
Bprehend lioth changes of form under the term 



I 



"arching"; and this is found also in some of the 
older English books on naval architecture. 

The tiTUisverse strains experieooed by sliips are 

irere when the vessels ai-e rolling lupidly 

IB • neBrway, and reversing their motion every few 

•iMx>ndit. A passenger standing on the dt^ck of an 

iron-biiilt t»eean 8t<?amer^ antl noting her ljeha\"ionr, 

is scjtrceiy sensible of the *' racking '* strains wliich 

her Rtructui-e has to resist each time that the end 

of a " swing " is reaidied. There may W' no indica- 

tioDS externally of the fact ; but if the same sti-ains 

were broiiglit uj)on a wood ship, then:* would U^ 

"groanings** and *' cn.*akings " of jdanks and tim- 

hers, and probably sennible ** working/' or relati^'e 

■ mx>tion4 in some of tin: piirts. Here also the eondi- 

^ationii of behaviour and strain are so vanous, tluit 

H|Mft^cse huB not been able to give exact rules for 

^^lt»ctiee ; and the ship btnlder arranges for the 

trmiii^'erse sti^ngth chiefly in the light of expe- 

lietioe. Even when the vessel is floating at rest 

^in still water, calls are made upon her tmnsverse 

Hflmigth; the fiuid pi-essures on her sides tend to 

H force them in, thos*? on the bottom tend tt> push it 

Jm upward; the concentiitted weights of cargo, engines, 

*«,, t^nd to push it down ; and in many other ways 

bending strains ai'e produced. But none of these 

con<li lions compare in severity with that incidental 

to rolling at sea, 

A ship aground may l>e strained very severely 
both io the transverse and the longitudinal sense- 
In foct» many vessels which have stood for years 




the stress of eervdee afloat^ have altogether failed 
when they have groimded. Not many years ago 
a cuiious case of tliis kind happened on tin" Mersey, 
in which an ii-on vessel took the ground nejirly at 
the middle of her length ; nnd as the tide feU, l^aAiiig 
her entla almost unsup|M>i-ted, she litemlly ** bi\>ke 
in two,'* her skin plating being torn asunder fiom 
keel to gunwale, A similar accident !iii]»p<*ued to 
an iron steam-ship at the mouth of the Thames 
almut tiftoen years ago ; and the facte are worth 
reeoriling, because they illustrate the great ejise 
wit!» which the most serious damages may be re- 
paireti in an ii-on ship. After the vessel had V»eeu 
broken in two, it was decided to niLse her. fur which 
pui*po»e a water-tight wooden jiartition, or '' bulk- 
head," was built aei'oss the end of eacli ]m!*t of tlie 
hull. As the tide I'ose the two parts tluatmK uutl 
the rent in the sides was neai*ly close*!. When tliis 
had happened, the two jwirts wei'e strongly bmeed to- 
getlier, and the vessel was floated and towed back to 
London, where slu^ was jtlace^i in d<x;k and re[>aireiL 
At a comparatively modemte cost .she wa.s again 
matle lit for service. 

It may be aske^l Oii^^ht not a ship Ut be m»nle 
so strong that she coidd succesHfully resist even the 
exceptional stniins pixiduced by grounding I The 
answer given by geneml consent of ship builders and 
shiihowners is in the negative, and i^asous ai*e eiisily 
assigned for the opinion. In the iirst place, a veiy 
consitlenibli^ addition would have to be maile to the 
weight of hull if the necessjiiy inci-ease \u the general 
sti^ngth wei*e obtained ; and this woidd necessitate* 
a corresjionding rinbiction in the cariying ]»ower. 
Hi) that a h*'avy |>rice would have to be i>aid during 
the whole lifetime of a sliipi in oilier to provide foi- 
an eventuality that might never haj»|>en to her. 
Moix?over. if the genenU sti*eugtl\ i^*|urit»d to mf»et 
these extmoi'^iinary strains coidd be pro vi tied, ground- 
ing must inevitably produce serious liX'-al damage, 
jvs it did in the case of the Great lirifahh In short, 
as ships nvQ built for service afloat, and not for 
groundinj^, except under favounilde circumstances* 
it is undt*sind>le to regidate their struct tiral annnge- 
ments by the strains incidental to grounding. Sir 
William Fairlmim, it is true, maintjdned the o|i|»o- 
site opinion ; Vait no other eminent authority has 
agreed with him, nor did he in his own practice 
as a ship builder priKluct' vessels tlmt coidd with- 
stand such a severe trial as fi*equently resiilt*^ fix>m 
groumling. 

Keeping in \'iew the foi^egoing general principleh. 
let us next proceed to examine the various systems 
K^ framing iron ships, beginning with the ordinaiy 
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Fifg. 1.- 

AlH)ve 

the Bilge. 
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mei-chant ship, of which a perspective drawing was 
given in tlie preceding chapter. The princijial frames 
in such a vessel are placed tmnsvei-sely, and form 
the " ribs " of the structure. These ribs are about 
21 to 24 inches ajmi-t, and are formed of plates and 
angle irons. Above the " bilge " — the quickly-curved 
poition of the section which connects the nearly 
, vertical sides with the bottom — each rib 

/is simply formed by riveting two angle 
irons together, as shown (in section) in 
the accompanying diagram (Fig. 1). The 
outer angle iron (a) is termed the " fi'ame," 
and fits against the skin ; the inner (6) is 
termed the " reversed fmme," and receives the 
inside planking ^or "ceiling") in the hold space, 
and between decks. Below the bilge (Fig. 2) each 
I rib is formed of a " floor plate " (c), upon 
the outer edge of which the frame angle 
iron (a) is rivete<l, the revei*sed fi-ame (b) 
being attached to the inner edge. This 
floor plate gradually increases in depth 
from the bilge towartls the keel, attaining 
\i-ti maximum depth at the keel. In pre- 
paring each rib, the floor plate is cut and 
bent to its proj^er form, and the holes are 
l>nnched in its edges to receive the rivets 
fastening the angle irons thereto. The 
frame and reversed frame are also heated 
and bent to their proper shapes, the holes for con- 
necting them to each other and to the floor plate 
being punched. Next, the three parts of each rib 
are brought together, adjusted, and riveted up : not 
unfrequently one or two beams are also riveted to 
the rib, which is then ready to be hoisted into 
place. It will, of course, be understood that in 
building a ship fi*amed on this transverse system, 
the frames are prepared and erected before the 
skin plating is fitted. In our review of the struc- 
tural arrangements, an inverse order has been fol- 
lowed, because the skin is of primary importance. 

These numerous ribs, closely associated as they 
are with the skin plating, give considerable trans- 
verse strength to the structure ; they also afford a 
convenient means of attaching the deck beams to 
the sides of the ship. On the other hand, it will 
be noticed that the ribs are ineffectual in resisting 
longitudinal bending strains, which tend to break a 
ship off* at some athwartship section. When fracture 
actually takes place, as in the cases above mentioned, 
the plating usually tears down through the line of 
rivet holes in way of one of the transverse ribs, 
or <*lse diverges to some adjacent butt of the plating, 
and then returns to tlie line of holes. It is an axiom 



a 

Fig. 2.- 

Below 
the Bilge. 



in construction that there is nothing stronger than 
its weakest part ; and the plating through the line 
of rivet-holes being weaker than the plating be- 
tween the frames, necessarily gives way first Now 
obviously oidy such pieces in the fi'aming as croa 
the line of fracture can assist the skin plating ; and 
as the transverse ribs do not fulfil this ooiiditi(m, 
they cannot help. Framing which lies longitudinally 
or diagonally in the ship will cross the weakened 
sections of the plating, and therefore aid it in pre- 
venting longitudinal bending or cross bi'eaking. It 
is an acknowledged defect of the transverse j)lan of 
fi-aming that the principal frames — the ribs — arc 
ineffective against the most important strains — the 
longitudinal. At first the matter was of little im- 
portance, the moderate dimensions of the eariier 
iron vessels enabling them to succeed with httk 
longitudinal stiflfenmg, except such as was given hj 
the " bearers" introduced to support the engines and 
boilers. In subsequent practice, however, the want 
of gi-eater longitudinal strength has made itself 
felt, jind more or less numerous "keelsons," "hold 
stringers," «ka, ai-e now commonly fitted in iron 
shijxs. In the perspective view on page IS'i, the 
details of such strengthenings will be seen ; and 
it will be noted that they are quite subonlinated 
to the ribs. 

This curious anomaly in common practice hai 
been sharply criticised again and again : there have 
also been numerous proposals to remedy the fault, 
and make the longitudinal framing paramount, 
placing the transverse framing in a secondary place. 
One of the best of these Unigitudinal systems of 
framing is that with which the names of Mr. Brunei 
and Mr. Scott Russell will always be associated. 
It has been adopted in many mercantile vessels, 
received its fullest illustration in the Great Eastern, 
and, with some necessary modifications, has been 
made the basis of the system of construction now 
generally adopted in ironclad shijls. A good idea 
of its main features will be obtained from the 
accompanying drawing of a transverse section of the 
A nnettey cmd only a brief description need be sulded. 

Each longitudinal frame consists of a ^rirder, 
formed of a plate with angle irons on the inner iind 
outer edges : it is placed near the middle of a strake 
of the skin plating, and strongly riveted tliereta 
Nothing could surpass the combination in siniplicitt 
and efficiency. The local strains tending u> push 
the skin inwards or outwards are well met, t>n the 
same principle that a thin plate of iron, so flexil^le 
that it cannot bear its own weight without I tend- 
ing, may be converted into a girder of oonsidenUe 
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longitiidiuals are covered by diamond-shaped pieces 
of plate. In some vessels an inner skin of iron is 
worked upon the inside of the framing, forming a 
"double bottom," of the advantages of which we 
shall speak hereafter ; when this inner skin is fitted, 
the diamond plates are, of course, unnecessary. 
Besides these partial bulk-heads, complete trans- 
verse bidk-heads are fitted at intervals, and are of 
great value both as contributaries to the transverse 
strength, and as water-tight partitions. These com- 
plete bulk-heads, formed of ii-on plates well stiffened 
by angle irons, are capable of being made practically 
unchangeable in form, and may be compared to the 
piera of a bridge. The longitudinal frames stretch 
from bulk-head to bulk-head, just as the giixlera of a 
bridge stretch from pier to pier ; and they distribute 
the strength of the bulk-heads to the intervening 
portions of the skin. The partial bulk-heads also 
contribute to the transvei-se strength of the portions 
between the main bulk-heads, and assist in keeping 
the longitudinals to their work ; but they are not 
always fitted. The Great Eastern is without them 
over a large part of her structure, yet displays no 
signs of a defect in transverse strength. 

The advantages of this longitudinal system of 
framing are obvious; but it is not without some 
di*awbacks, and has never found much favour in 
the mercantile marine. The oi>ei*ations of building 
are made more complicated, and workmen are much 
avei-se to novelty or complication ; hence the cost 
of building such a vessel is relatively high. Greater 
depths being given to the frames than are usual in 
ordinary ships, there is a corresponding reduction 
in the internal space available for cargo. There is 
also gi-eater liability to flexibility in the bottom 
plating, owing to the comparatively large areas of 
unsupported skin lying between the longitudinals 
and consecutive partial bulk-heads ; while a vessel 
is afloat, tliis is of little consequence, but when she 
takes the ground, as a merehant ship not unfre- 
quently has to do while lying in harbour, flexibility 
in the skin is objectionable. To overcome the 
last-mentioned objection, more numerous transverse 
fram(^s have Ix^en fitted in some vessels Iniilt on the 
longitudinal system ; and by such an an*angement 
the bottom can !)« as well stiffened as is that of a 
ship with ribs only 2 feet apart. The real objection 
to the longitudinal system undoubtedly lies in the 
greater difliculty and cost of the building o|>ei*ations, 
companxl with those incidental to the tnmsverse 
system. In the future, however, it is not unlikely 
tliat the necessities of ship construction may lead 
to a moie extensive adoption of the longitudinal 



system in the mercantile marine ; for it enables the 
capabilities of iron and steel to be most fully <le- 
veloped in the association of strength with lightne8.s. 
The annoured ships of the Royal Navy furmsli 
notable examples of the truth of this statement 
In theii* construction it is of the utmost importance 
to decrease the weight of hull so far as is consistent 
with strength and safety, in order that the weight 
and thickness of the armour, the power of the guns, 
and the speed of the ships may be made as great as 
I>08sible. To these considerations are necessarily 
subordinated questions relating to the difficulty of 
building operations or the increased cost of con- 
struction ; and the results obtained justify this 
policy. Broadly s|)eaking, it may be said that 
the lower parts of the hulls are constructed on a 
longitudinal system, modified in some ini]X)rtaut 
respects from that above descnbed. The longitu- 
dinal framing still occupies the first place : there 
are the complete and partial bulk-heads, the latter 
being about 20 feet apai*t; an inner skin is also 
fitted, forming a water-tight double bottom. A 
most important difference is made, however, in tlie 
amount of supjK)!^; given to tlie bottom plating, and 
this will be underatood clearly from the accomi>jiny- 
ing sectional drawing (Fig. 3). Between the jvirtial 
bulk-heads, and at intervals of 4 feet, '^bi-acket 
fra:mes V are fitted, like that shown in the diiigiiini. 




Fig. 3. Brackrt Frams. 

These frames consist of an outer angle ii-on, wliicli 
is riveted to the bottom plating, an inner angle in»n 
riveted to the inner skin, and two brackets fitt*^l 
between these angle irons, the ends of the bnickets 
beuig attached to the longitudinal frames by slioit 
angle irons. With a comi>aratively small ex|)endi- 
ture of weight, a most valuable addition is thus 
given to the stiffening of the skin plating and i\w 
longitudinals. In a vessel built on the oixlinarv 
longitudinal system, spaces of iuisupport<.'d lK)tU>ni 
plating may be found ha\'ing an area of 40 or ."»!» 
square f(H»t : with the bracket fi-ames the conx^jM Hid- 
ing sjnices have not half that area. Good e\'idt4uv 
of the excellence of tliis system of construction. 
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which wd« originated by the Constiiictive Dej»art- 
ment of the Royal Navy, is found in the taut that 
it hm heen adopted by the 8hi{j buiUkfs of all 
other countries for the hulls of iroiichul war sliii>*. 
Even the Frtnich, fi-om whom Britigh shiji buildHrs 
have learnt so mufih* hav^ in this respect been glad 
to follow onr example. Tliese remarks apply sf^ecially 
to the lower parts of the hulls of the ironclads : the 
arrangements nf the upper pftrts oi the stmctiire, 
npon which tlie armour is carried, will receive 
attention in a subse^iuent chapter. 

A tlurtl Kvstem of fnivning hjis been earned out 
in a few iron 8hii>s, and m known aii the dimjomd 
Bvsteni. Tlie main fmme^ are placefl obliquely, 
tusteaii of Wing vertical or longitudinal, the inten* 
tton of tills arrangement being to prevent the occiir- 
nsnee of those weakened sections of the outside 
plating passing through the lines of rivet holes 
cannecting the skin to the riba of an onlinaiy 
«hip, or tlie bulk-heatla of a lougitutUnally framed 



ship. As the lines of rivet holes m the diagonal 
system clefine sections of gi*eater length and strength 
than the cori*esponding lines in either of the other 
two ay stem s» it is supi>oited that fi'actui'e could not 
be prwbiced except by greater longitudinal strains. 
So far as the skin alone is concerned, this may be 
tnie ; but when the joint action of the skin luid the 
framing ik considered, it will be obviotis thut the 
longitudinal system may, with a given weight of 
mateiial, be made to yield gi'eater strength than 
the diagonal system. The latter involves consider- 
able difficulties in constiijction, and has never found 
favour with ship buildei-s. It has almost ch'op|)©il 
out of notice, but is hei-e mentioned because of the 
ingenuity of the idea ufion which it is Imsed. It is 
jiossible that tlie same idea may occur to other |H?r- 
sons intei*ested in the progress of Iron ship building ; 
and they may be glad to know that practictd ettect* 
has already been given to it, and the i^asons foi- its 
failure to displac© the onjinary system of framing. 
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'-TIME AGITATIOJT IN YORKSHiRE^ — THE BILL OK 1831^ — ITS REJECTION AND RE-INTRODUCTIOK IN 1832. 
By James Hendeksox, one of H,M. Si rRRi\TKMHNfi-ls«PECT0ii8 or Factoeier. 



OASTLER'S letter in the Leeth Me7ruiy pnv 
duce*l a remarkable effect in the textile manu- 
iacturing districts. Hithei-to the agitation for Icgis- 
Ifttive restrictions upon the emj>loyment of young 
children had l»een almost exclusively limit^-tl to 
Lancashire.. Tlie cotton factories had Ixx'U tii'st 
c'Oin[*lained of in respect to the cruelties and over* 
work forced upon young cliDdren, This, no doubt, 
arose &om the fact that the cotton maiiufactwre hatl 
developed much more mpidly in the country than 
any other bmnch of our textile industry. Tlie genera] 
inti-oduction of steam pjwer, Miid the iiuprovenients 
made upon the machinery employed in the proce^sses 
of cotton spinning and weaving, adiniiteil of the em- 
ployment of a much larger pi*o|iortion of children 
and young yiei'sons than in the WT»ollen and worsted 
trades. Tlie Legishiture had recognise<l this by dis- 
tinctly refusing to allow any of the Acts passetl for 
Uie regulation of children's eiHjjluyment to apjdy to 
any but cotton factories. Neither Sir Robert Peel 
m 1819, nor Bir.Tohn Cam Hobhouse in 1825, could 
0¥<^rcome the objection entertained by the House 
4ii rommona to a Factory Act which would apply 
ta mH the textile manufactures alike. M r. Oastler 



t«x»k the field as an agitator on behalf of the factory 
children at a very importjint juncture. Tlie woollen 
and worstetl trades in Yorkshire liad by this time 
assumed such proiKntions, and what has corae to 
be known as tlie ffictoiy system of employment 
had become so geneiul and widespread, tliat thei-e 
was imlly no excuse whatever for treating thear? 
lirunches of manufaetin^e diffei-eiitly fit>iu the cotton 
triiile. Tlie I>jiincashire operatives, however, were 
well-nigh worn out and exhausted iu tht* struggle 
to obtain anything like a really efficient law, which 
would check the abuaes of which they so justly 
complained. The great difficulties* that they hatl 
encountei^l in getting the Act of 182*) passed, and 
the necessity forced upon Sir John Hobliouse of 
mutilating the Bill so seriously, w*ere folt to be 
very disiteai'tening. Tlie Manchester Committee, 
Mr. Philip (Jmnt says, was almost on the point of 
bi^Miking up, when liy accident Mr * >astler's letter 
was lirought under their notice. The prosj«*ct of 
having the ai<l and assistance of the peujtle of 
Yorkshire gave them fresh strength and courage^ 
and in 1831 the agitation for an improved Factoi-y 
Bill was renewed with an energy and determination 
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which had never before been equalled. On the 
15th of February of that year, Sir John Cam 
Ho'jhouse introduced another measure, repealing 
all the existing laws affecting the employment of 
children in factories, and establishing a more general 
and more efficient code of regulations, which would 
apply to all textile factories alike. He proposed to 
limit the hours of work in such establishments, in 
the case of all young persons under the age of 
eighteen years,, to eleven and a half in the day for 
the first five days of the week, and to eight and 
a half on Saturdays. An allowance of at least one 
hour for dinner and half an hour for breakfast was 
also provided for ; while the employment of any 
child under nine years of age, in any description of 
factory labour, was absolutely forbidden. This Bill, 
it Wiis proposed by its promoter, should apply to all 
cotton, woollen, worsted, and silk factories, and also 
to i)ower-loom weavers. It also proposed to prohibit 
the employment of any person in a factory during 
the night who was under twenty-one years of 
age. Sir John, when introducing his Bill to the 
House of Commons, expressed his satisfaction at 
the change of feeling which had been manifested 
by many of the employers on the subject of the 
regulation of children's employment in factories. 
The Bill which he had fii-st propose(l in Parliament 
had been strenuously opjwsed, he said, by many of 
the most respectiible master manufacturei's, but he 
now knew, both from private sources and from the 
))etitions which had been presented to the House, 
that in making the proposals set forth in his new 
Bill he was sustained by the opinion of a large 
number of the employere, who were deeply interested 
in the trade, and who were good judges of what was 
likely to promote and encourage it. Sir John 
also pointed out the injustice which was inflicted 
upon the resj^ectable employer who conformed with 
the existing law V»y the imperfect and ineflicient 
manner in which it was carrietl out. Parliament, 
he maintained, ought to interfere without hesitation, 
and put an end to the practice of working young 
pei-sons during tJui night — a practice wliich was in 
itself fraugJit with many evils, and which exjwsed 
the i-esiKJctable and law-abiding manufacturer to a 
most unfair comi)etition. 

This Bill, however, was the source of a gi*eat con- 
trovei-sy in the textile manufacturing districts. 
It was highly approvcnl of by the work-people, who 
A'cre most earnest and i)ei'severiiig in their jigitation 
in its favour. Meetings were held in tJie chief 
towns of Ijancashire and Yorkshii-e, and in Not- 
tingham, Macclesfield, Leek, and other places in 



which the silk manufacture was carried on, and 
resolutions were adopted approving of the proposals 
made in Sir John Cam Hobhouse's Bill, and thank- 
ing that gentleman and Lord Morpeth, the seconder 
of the measure, for their exertions in the House of 
Commons. Meanwhile, however, the employers 
were not idle, and a powerful opposition was organ- 
ised by the mill-owners — especially by those engaged 
in the woollen and worsted trades in Yorkshire — 
and by the linen manufacturers of Scotland ; the 
latter industry having up till this time been also 
exempt fi*om the application of any restrictive law. 
Within a few weeks of the introduction of the Bill 
into the House of Commons, an important meeting 
of mill-owners was held at Halifax, at which a 
series of resolutions were adopted which fully em- 
bodied the whole case of the manufacturers. It is 
unnecessaiy, perhaps, to quote these resolutions in 
full, but a summary of them will be useful, as 
showing the arguments used by those who were 
opposed to Mr. Oastler's impassioned agitation. The 
employers set forth in their defence that the con- 
dition of those employed in worsted factories did 
not warmnt the conclusion that the existing usages 
of the trade were injurious to the health and com- 
fort of the operatives. Twelve hours labour per 
day, they maintained, was not attended with inju- 
rious consequences, while it was not more than was 
adequate and necessary to provide for their liveH- 
hood. The employers also urged that a law 
restricting the houi-s of work and limiting the ages 
of childi-en employed in worsted factories would 
pixxluce, among other results, the following : — It 
would cause a proportionate reduction in wages, 
and thus cripple the means of those who had large 
and young families to support ; it would raise the 
price of goods to the consumer, and thus reduce the 
home consumption ; while it would produce the 
most serious consequences upon the prosperity of 
the district by fostering manufactures of the same 
class in foreign countries ; it would throw out of 
employment, and deprive of the means of existence, 
numbers of children then beneficially employed, and 
a corresponding proportion of wool sorters, combers, 
weavers, and others necessary to produce the present 
supply of goods; the agriculturists also, it was 
urged, would sufier from a restrictive Factory Bill, 
because the consumption of wool would be dimin- 
ished "in no slight degi-ee." In atldition to these 
more general considerations, the woollen and worsttxi 
manufacturers of Yorkshire contended that there 
were s]>ecial reasons for the exemption of th«»ir 
trades from the application of the proposed FactoiJ 
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Bill. It was urged that the manufactiu'e of woollen 
»nd woi'sted yiirn was a moiM^ wholesome and 
heailthy employment tlian the prepuiing and spin- 
imig of cotton and fliix. Neither was it necessary to 
on t\w pi'o<?esfie8 at 8ueh a high teraj>eratui*e. 
Bill WHS also objected to on the gi'oiuid that 
it would prove Lnelficient for the inir|ioseH wliieb 
it pit>fe,s8e«.l to ii€compliah. It wivs urgetl that 
chiltlren between the age^ of seven and foui-teen 
were rejilly moi-e capable of undergoing loi^g-oon- 
tinned hihour than youjig i>t^i-«oiia lietweeii the ages 
of fourteen and twenty-one. O tie-half of the foui- 
tecn re.solutions adopted at this meeting of mill- 
owners are dmMjttd ag^dnst the political and social 
disabilities umler which the 0|>erative chiisses at 
this dati? laboure<l, and they help to explain the 
tendency wliich the two great political imrties in the 
State indicated, during the siibaequent agitation in 
£iTOm* yf factory legislation, to take opjiosite sirles 
ajicm tbe queation, Tlie year 1831, it must be 
boroe in mind, was one of great [>olitical excite- 
mentp The whole countiy was agitated to an inteiise 
degree on the Bubject of parliamentary and adminis- 
trative refomi. Tlie j)ul>lie were also just banning 
to appreciate and undei'stand the mischievous influ- 
ence exetviaed on our trade and comiiierae l>y the 
pivtective duties levied uiH>n com and other import- 
ant articles of import ; am J the employei*s veiy 
ingeniously {*ointed to these as being the real BouiTe 
of the mij!ety, and poverty, and suffering of which 
the pec*ple no loudly complained. Long liouj-s 
of work were not defended directly, but it was 
m^ed that so long as the nation was bunlened by 
oppressive ttixation, and so long as tratle and com- 
merce weiT iinf»e(ied by monofiolies and artificial 
restrictions, it would lie inipoHsible for a factory 
worker to make a wnge sufficient to live u|>on^ if 
their bourH of work were limited as was pro|>ose<l 
by the Bill then under dLscuHsion. In the keen and 
earnest agitation wliich took place uj>on factory 
li^gislation (hiring the yeain subsecpient to this (bite, 
one can trace tliese lines of controversy very clearly 
and distinctly, and tliey serve xinquestionably to 
explain the apparent party character which it at 
times fyfsumed. 

The oj)j>o8ition to Sir John CI Hobliouse*a Factory 
Bill in 1851 again provml too great and t(X> powerful 
in Parliament ; and although the mea.su re was ulti- 
mately passed, yet it wa« so mutilated that it 
proved but a small gain ujion previous efforts in 
the same dii-ection. Its application, as lief ore, was 
limited to cotton fiictories, and the one step made 
in advance was the adoption of the clause forbiddii^ 
27 



night work in tlie case of all young fwrsons \mder 
the age of twenty-one. Practically, this had the 
etiect of abolishing night work in cotton mills al- 
together, ranch to the relief and benefit of the 
oi>erative8. By means of a relay of hands, some 
mills in Lancaslrire had been kept running continu- 
ously fi^m twelve o'clock on Monday morning till 
twelve o^cIock on Sat unlay night* Some actmdalous 
crises of oppressive over-work occurred under tliis 
system, When an ojierative in the day or night 
relay fell sick, his place had to be taken by one 
fixim the con-e^ponding relay; and sometimes the 
same individual was kept at work continuously for 
twenty-four, thirty-six, and even forty-eight hours 
at a stretcli. 

The supporters of the agiUition in favour of a 
further limitation of tlie hours of work in factories 
were in nowise discouraged by the rebuff they 
received in 1S31. They felt instinctively tlutt they 
were gaining ground in the countiy, Mr. Uastler's 
energy was nn tiling, and as the ojtpressive nature 
of the work forced upon young chOdi'en by some 
of the more unscni|*u!ous employers came to be 
undei-stocxi, many milbownei*s uniteil with him in 
the demand for further legislation on the subject 
The practical defeat of the effort made to obtain 
adequate protection to the childiX'U eiufdoyed in 
factories in the session of 1831» may l>e regarded 
Lndet^d as a fresh starting-point in the history of 
the agitation U|>on the subject. So strongly were 
tliose engaged in it impresseil with the growing 
evils of the factory system, as it then existed, that 
they were encouniged to demand even a moit* jn^iiect 
mejisure than that pro|X)sed by 8ir J, C JloVihouse. 
Tlie ilemand for a tenhoui-s Bill now l>egan for the 
first time to lie heard in the textile manufacturing 
districts ; and in the course of a few years this de- 
mi^nd Ix-came the watchwoixl of tlie opemtives 
throughout the length and breadth ol the country. 
Among thememWrs of the House of (V>n»mons who 
had manifested great interest in the Bill of 1831, 
and who materially assisted Sir Jolin Hobhouse in 
the debates, was Mr. Michael Tliomas Sadler, 
then member for the boi*OMgh of Newark. Mr- 
Sadler evinced a resolution ami a determination 
in pn^ssing this question upon the attention of the 
Legislatui*e, and he soon came to estahlisli himself 
in the full confidence of the mernbei-s of the short- 
time committees thi'oughout I^vncashii-e and York- 
shire. The diliicidties whicli Sir John Hobhoiiae 
had had to encounter in obtaining even his muti- 
lated meiLsure induced him to come to the conclusion 
that the demand for a law which would reduce the 
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hours of work to sixty per week was quite impi*ac- 
ticable ; and while expressing an earnest hope that 
the supjwrters of the short-time movement might 
be successful in their efforts, he declined, in a letter 
which he addressed to Mr. Oastler in November, 
1831, to identify himself with a movement which 
he chai-acteiised as idle and extravagant. Mr. 
Sadler, however, undeterred by this expression of 
opinion from a gentleman who certainly had 
the intei-ests of the suffering children at heart, 
introduced a ten-hours Bill before the session of 
1831 had closed. On the 18th of March of the 
following year, he moved the second reading of the 



same measure in a speech of great force and merits 
and it was ultimately referred to a Select (Jommittea 
During this time, however, the agitation in the 
country on the subject of parliamentary reform 
had reached its climax, and all other questions 
had to give way until it was disposed ofl The 
Reform Bill passed in 1832. Before the Select Con^ 
niittee had concluded their labours. Parliament was 
dissolved, and as the borough of Newark was 4i»- 
franchised, and Mr. Sadler failed to obtain a seat 
in the new House of Ck)mmons, another change in 
the parliamentary leadership of the short-time 
movement became necessary. 



HEMP, FLAX, AND JUTE.— VI. 

FLAX SCUTCHING, AND SCUTCHING MACHINES. 
By David Bkemner, Author of " The Ixdistkies op Scotland." 



AFTER steeping their flax, the ancient Egj'ptians 
beat it with mallets in order to loosen the 
attachment between the fibre and the cora Until 
recent yeara this was the mode of operation which 
prevailed in all flax-growing countries, and it is 
still practised in some pai-ts. Louis Crommelin, 
the leader of the party of French refugees who, 
on the revocation of the Edict of Nantes, settled 
at LisbuiTi, in Ireland, and who did much to 
establish the linen manufacture in that quai*ter, 
adopted, about the year 1705, wliat he described as 
" an improved plan of beating flax." According to 
this plan, tlie sheaf of flax was placed on the bam 
floor, opened, and the straw spread to a depth of 
three inches, care being taken that all the roots 
were at the same end. The operative then put his 
foot on the flax, so as to hold it firmly, and seizing 
a mallet of convenient form, struck or " threshed " 
the root end of the straw first, and afterwaixls the 
other end, until the mass was completely softened, 
and part of the woody core driven out The 
Egyptians followed the beating process by drawing 
the flax through hooks, which disengaged and ex- 
tracted the woody stems and coarser fibres. In later 
times " scutching " sui)planted that operation. In 
C'rommelin's day, scutching was i>erformed by the 
oi)erative taking uj) a handful of the straw which 
had Ijeen broken with the mallet, holding it in a 
notch in an upi-ight board, and subjecting it to a 
succession of blows with a wooden implement re- 
sembling a hatchet, or knife with a broad blade. 
Tlie flax hung perpendicularly against the board, 



and the blows were given downward, so that the 
implement may be said to have scraped the fibres. 
After each blow a slight turn of the hand brought 
a fresh surface under the implement, and in a little 
time every particle of the core was cleared oflf, and 
the fibre presented a fine and glossy appearance. 
Tliough hand scutching has to a large extent beeo 
surpassed by machinery, it still prevails in some 
parts of Ireland, and the manner in which it is con- 
ducted diflers little from that which Crommelin 
introduced. Instead of being beaten with a mallet, 
however, the straw is broken in a " brake," a 
machine composed of two grooved iron plates, one 
of which is fixed on a frame or table, and the other 
on the imder side of a wooden beam or arm, hinged 
at one of its extremities, and so adjusted Unt 
when brought into contact the ridges in one plate 
fall into the grooves of the other. The arm is 
attached to a spring, which raises it after eadi 
blow. Taking up a handful of flax, the operative 
places it over the lower plate, and by bringing the 
upper one down smartly, by the pressure of the 
foot on a treadle, bruises the straw. Another 
improvement is the attachment to the scutching 
stock of a leather strap, which acts as a spring, and 
helps the scutcher to raise the scutching imple- 
ment after each blow more quickly, and with leaa 
exertion than he could otherwise do. An ex]»ert 
hand scutcher can turn out fix)m 8 lb. to 1 4 Ih. of 
dressed fibre in a day. 

One of the earliest machines introduced to sup- 
plant hand scutching, consisted of an upright axle 
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carrying a number of mdiating tiruis, on eaeli of 
which was tixed a wuoilen blutle, somewhat Himilar 
to that used in hand scutchmgr A cirtrnlar wi>od 
dsing covertKl the miichine, and tJie flax was 
subjected Ui the action of tho lihuh^s by being 
sus^ieiided through apertujen in thin casing, Tlit* 
machine got througli a large amount of work, but a 
drawback in connoction with it was tliat tlio fibr*^ 
was snbject43d to mther severe treatment, ajid the 
amount of tow wa,*i gi*eatc^r than desii-tible. The 
defects of this luacliine were largely overcome by 
pbcing the axle in a horizontal poRition, and tJie 
blaiie^^ consequently in a vertical one, so that tliey 
stnick the flux in exactly the same manner aa the 
hand Uio\. With the inhlition of Home jimvision 
for softening the strokes of the l>lades, this fonn of 
itmchine aime into genenil use in Ireland, ami re- 
1 one of the hindnince,s to extendi rjg the 
.vation of flax in that tlivision of the kitigcjouh 
Both the Government and the Linen Boaixl gave 
every encouragement for the erection of scut<'hin.£( 
milb; and the ConiniissionerH of Public Works 
obtaine<l )>owers, under the Lands Iui|irovement 
Acta, to lend money on favoumble temis to neeily 
I>ro|irietor8 for tliis purpose. A milJ, conUdning four 
Ktanda of appai'atus, costs on the averajje about 
i:if>4. aJid with twelve sets £238-^that is, for both 
baiJrJing iukI machineiy — the cost of the latter item 
in the two cases being £60 and ^L'iO i^specttvely. 
Owing to the fact that the millH are run for only 
half the year— gene ml ly from August till February 
— it is not conHiden^d economical to introduce 
vtejun power, and consequently the sites for the 
nulls are, as a rule, chosen on the lian^ks of sti'e^ms 
capible of supplying the requisite water power. 
The cost of scutching appeai-s to be greatly giiulged 
by the flax fanners, and on this point Mr, Charley 
obeervea : — **The scutchmg of flax, incbiding at- 
tendance of girls or boys, and carriage to smd fixjiu 
the mill, costs alx>ut hi, per j«>untl ; now» the fll*ii^ 
is afterwards often sold for 6d, |*er pound ; so that 
the cleaning amounts to one-sixth, or IBJ per cent., 
of the marketable value ! Of coui-se, some flax will 
Bcll at a much higher nite tlmu 6d. ]>er jKUJind ; but» 
taking even the extni price of 8d. |ier pound, the 
cort of scutching will be 12 J per cent. This is, I 
think, more than the farmer can affbr^l to pay ; and 
tt is to Ije ho[>€*d that, ere long, the charge i^dll ad- 
mit of reduction to Jd. per pound, or at most |d. 
So long as the scutchers expect to earn, duiing the 
six months they are employe<b suflicient wages to 
keep them the whole year round, no reduction can 
be mode ; but by judicious arriingement, and giving 




these people regular employment at some other 
useful and i-eraunerative occupation during the 
spjing and summer, the cost in wages might, T 
think, Im reduced ; and the mill owner ought, from 
patriotic motives, to Ijo satisfied with a motlerate 
prolit for his ruacliineiy/* 

A i'ei>ort on the flax scutchers of his district was 
miule iu 1875 by the certifying siu'geon at t .ooks- 
town, under the Factory Acts, which is inteix^sting 
enough to \>e quoted entii*e. The state of mattf*rs 
described in it is not exceptional iu CookHt*:>wn, 
Dr. HamUton says ; — 

*' Cookstown being the centre of n yt'vy largt* 
flax-gi'owing district, the weekly market held liejv 
is the hu^gest in Ireland ; aliove 100 tons of 
flax b(?ing pui-chasetl by the Belfast and other 
merchants weekly during the season from Atigust 
till spring. Tlie flax stmw is taken by the fanners 
t(> the various flax scutch mills, of which there are 
30 within a nuiius of five or six miles. These aj-e 
eit5cted on \T4rious small streams in the neighbour- 
hood, and aiv genei'ally worked by fanueifi. The 
mills ai*e of a very primitive kind, being a small 
house thatched with the stmws from the flax aftei' 
beiiig scutched. 

" The scutchei^, men and boys» work by piece- 
work, and get a jx^i'ceutage on the finished fltix of 
so much per stone ; consef[uently, they frxMprently 
work late at night to make the Uiore wages. Many 
of these small mills have only five or six handles, 
one scutcher working at each handle. The places 
ai^e Inuily ventilated, and with low roofs. The dust 
and spicidie driven off the flax are quite thick in the 
atmosphei*c* which the workei's ha%^e to bri'utlie at 
all times, and which |ut)duces irritation of the air 
|ia-Hsagea, and an almmt constant cough and sjiittiug 
of blood, very fi-equently ending in phthisis, Oph- 
thalmia also is due to this dust, sometimes ending 
in opacity of the cornea, which would be more fi-e- 
i^ueut wei-e it not for the intervals of the spring 
and sumnaer months enabling the workei-s to i\H;niit 
theii- strength in agricultural labour. The permanent 
ii^juiT to their health would, but for tliis i-ecniit- 
meut, be far more serious, since theii' habits ait? 
very careless and intemj>erate, so tliat it is a saying 
hei*e, * as thii:sty aa a scutcher.' 

** Tlie rollers at which the flax is broken for thr 
Rcutchera are attended by one i^ei-son, frequeutiy a 
woman, who has to breatlie the same kind of at- 
mospheiv : but, in addition, is liable to vwy st^ious 
injury from being dra>*Ti into the rollei*H by a pur 
tion of file flax stniw catching iTwn*l her luind. 
or by some iN>rtion of her di^ess dragging her \v,k\v\ 
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into the rollers, Tlie limb is invariably torn and 
commiiuik^l in a di-e^vlful manner, an«l sometimes 
ptdksl out of the shoulder joint, necessitating 
amputiition of the limb. In several instances 
life has l*pen lost. Last season, fis coroner of tlie 
district, I held an inquest on a woman who wa^ 
instantly killed in a s^'t of these rollers ; and, as 
the surgeon of the workhouse hosi>itjil hei'e, I have 
hml, for some years back, numbers brought in for 
I aurgical tre4itm<'nt, many of them having to undergo 
lim|aitation of one or Ijoth ai-ms. Little care is 
tiiken by the owners of the mills to |»n:itect these 
workers, for, if a stnip was passed over their shoul- 
dem and fastened by a chain or hook l>ehind the 
roller, it woidd prevent them suddenly being dragged 
forwajtl, '*'>»<^i nave many a |>oor worker h^om injury 
and mutilation, 

** Whisky drinking being carried on at these 
places to a gretit extent luakes them the more 
Unble to injury. The farmers often bring the 
drink in their pockets to encourage them in eac- 
jxHliting their work, and so be reaily for the first 
market. 

'*The strickers are generally women or young 



girls, who make up the rolled flax into haudf\il 
for the scutcher. They arc num^ in the rt\nm (drA 
and not so subject to the suflijcating du»t aa iboooJ 
inside the luiU, but suffer in their mcyralitjr 
fn^m the late hom*8 and other associations ootmnonl 
to sueh plfices. 

** In the mountainous distriets they have of hit* 1 
yeai-s lieconie addicted to wther drinking a* a raja*! 
and cheap stimulant. This they can procun* in an? 
quantities at the smiill country groctW* 1 
the deYelo|imeut of tins taste to the diHi 
procuring whisky in some country distncte rpinot* 
fi\»ni a town, and the m])id action of the H^tKvr am 
a stimulant and its much gn^at^^r cheafmasa than 
wliisky or brandy here in the North of Ireland. 
(I made impiiry whether tlie a*ther waa tiiiri^ of 
suljihinic, but I w*as assure*! it wa« the l»tt«^r) 
Mechanics and workmen of all kinds aelitfiiii drink 
beer as they do in England, 

** Women who ai*6 much en^^aged its mtlla and 
factories make very bad bouaeiiivm» mitd tliRir 
cbildii?n are 8?*dly neglecte<h the very youiig tnd 
fering most I liave ktiown a femalr worker leavf 
off work on a SatuitUy afternoon^ give birth to a 
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cLilcly Bnd return to her work at six o'clock on 
Moiidajr iiiorning : certainly a Inid way of rt^atoruig 
iiealtU, an slie is also often but jioorly uourislie*!^ 
not to 8|ieak of thi^ ga-^at neglect of lier offspring. 
1 consider the diilchen in this district who present 
ib«!>maelve8 for cei'tilieates n»oi*e delicatt* and of 
Jkr gi-owth tlian I knew thi-rn formerly, and 

have ex|»t*rience of more than tliii*ty yeiirs as 
certifying sxirgeon. T!ds I attrilmte alao jiartly 
the constiint use of hnilly iin^j>arKl tea and 
j"8e and underdone soda bjvnd, tlt'sli meat or a 
good •cmp being .seldom used ; and consequently 
MVOilla and skin diseiiKes of various forms ai-e 
ofMl.. p9«ient The use of the bath ia aliiiost 
titOmowTi, and dirt and squalor are connnou in 
tli*»ir houses ; and ui my visits among tliem 1 am 
oAim shocked at tlie state of their hetl-clutheij, ajid 
at the want of suitable healthy ventilation of their 
KoQjies. 

*'Sunilay is too ofttni sj>ent by the jwirents and 
grown up chilcb-en in diinking bad whisky. Even 
tiwe proprietors of mills frecjuently deplore their 

ftliUity to check the habit, and nay that the higli 

Igen juid shoiter hours of work have only made 



them worse, by giving the workers gi-eater facilities 
for debauchery. 

** The ul>ove rejwrt in but a meagre outline of the 
habits and nioile of life of those engaged in the pit** 
]^»aration of flax for the market ; and any improve* 
ment that may take phice in their work rooms will 
be by steani ]iowi?r and large buildings being erected 
instead of the wretched hovels now in ufie, and the 
introduction of improved machinery 8u|)er«eiling 
the pi^sent juimitive structures in most country 
districts. Safety to life and Jind* cannot othei^wiuo 
be canied out by any inspection in remote districta 
veiy difficult of access.** 

Once begim. the work of improving the appliances 
for scutching went on, and now there are a variety 
of machines in the market. Mr, M'Adam, of 
Belfast, intrmluced fluted rollers for breaking the 
Hax straw l>t^fore scutdiing, and also the sim- 
plest form of mill for cleaning the flax — that 
already i-efenetl to, in which the ojiei'ation is i>er- 
fonnetl by a series of blades attached to mdiating 
arms fixed on a horizontid axle. Mr. KoWrt 
Plummer, of NewcIlst!e-on'T\^le, improve*! iij^on 
Mr. M*Adam s breaking machine by ftrnm(,dn<j the 
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rollers in a more compact way, and so that the one 
does not actually bear on the other, thus avoiding 
injury to the fibre. He also invented the disc 
scutching machine, in which whalebone brushes 
take the place of the wooden blades of Mr. 
M*Adam*s machine. For this invention several 
advantages ai-e claimed ; but as yet they have not 
been fully recognised. In substituting a pliable 
body like whalebone for the hard, unyielding wood 
of the scutching blade, Mr. Plummer calculated 
that he would be able to rub off the woody part of 
the straw with the least possible injury to the fibre. 
By placing two discs together face to face, both 
sides of each bunch of flax can be operated upon at 
once ; and if three discs be used, the workman 
could simultaneously deal with a bundle of flax in 
each hand, thereby doubling his own working 
capacity. The brushes are made se^mrate from the 
discs, and may be adjusted on them at any con- 
venient angle, or shifted about so as to be equally 
worn. As the brushes revolve, they are kept clean 
by passing over a steel comb. Another device of 
the same inventor is the double-cylinder flax- 
brushing machine, in which the flax is operated 
ui)on by being suspended between two brush- 
covered rollers revolving in opposite directions. 
Mr. M*Bride, of Armagh, has invented a scutching 
machine that is most favourably spoken of, and is 
certainly remarkable for the ingenuity displayed in 
its construction. It consists of two chamljers, in 
each of which is inclosed revolving beating appa- 
ratus of i)eculiar construction. Through these 
chambers a pair of endless ropes pass, and carry in 
their grasp a continuous supply of flax straw. The 
flax is fed in between the pulleys which carry the 
ropes, and is grasped between the folds, about 
two-thirds of the length of the straw de}>ending 
below the ropes. In passing through the first 
chamber, the flax is beaten rapidly and thoroughly, 
and has fully half its length cleaned. On leaving 
the beater, the flax passes to another pair of ropes, 
which nip it in the lower part, and the first roi)es 
relaxing their hold, the undressed part of the straw 
falls down and becomes pendent. In this way the 
flax is carried into the second chamber, in which 
the scutching process is completed. After passing 
the beaters, the flax is carried forwai-d and 
delivered at a convenient point. With four attend- 
ants, the machine will get through a ton of flax in 
a day. A machine bearing some resemblance to 
this one, but said to be superior in certain resjiects, 
is in use in Belgium. Messrs. Rowan, of Belfast, 
invented a scutching machine some years ago which 



was received with considerable favour. It is de- 
scribed as follows in " Ure's Dictionary" : — 

" The flax straw is not previously bruised, but \> 
at once fastenexl in iron clasps which are placed in 
a slide, the action of the machine carrying them on 
along one side, while two parallel bars of iron, 
toothed, comb the straw and separate the woody 
jmrt from the fibre. The first portion of these bars 
has coarse teeth, and the teeth become closer l>y 
degrees up to the end of the slide. There a work- 
man or boy takes out the clasps, unscrews the nuts 
fastening thein, and reverses the position of the 
straw, so that the portion not previously subjected 
to the action of the machine is now presented to it, 
while that already cleaned out is untoucheiL This 
machine is double — i.e., has two sides of combs, each 
capable of containing twelve of the clasps, and each 
cleaning out one end of the flax straw. Hence, 
after the workman or boy has unclasi)ed the half- 
cleaned str» w, turned it upside down, and presented 
the uncleaned end to the other side of the machine, 
the same action of combing, already descril>ed, 
clears out that end thoroughly ; and by the time the 
progressive movement of the mechanism brings the 
slide to the extreme end, the flax fibre appeai-s 
free from woody refuse, and in a fit state for 
market. It is then unclas^KMl and made up in 
bundles." 

In scutching, the chief object is to extract from 
the flax sti-aw the greatest possible quantity of fine 
fibre. But no matter how carefully the opei^ition 
may be conducted, a considerable proi>ortion of 
fibre is driven off along with the woody refuse. This 
is called "scutching tow" or "codilla." It is not 
absolute waste, because it can be cleaned to some 
extent, and spun into yams suitable for making 
sacking and other coarse fabrics ; but its value is 
only about one-tenth that of the finer product 
Even when every bit of fibre is separated from it, 
the woody fragments of the stems form a bulky 
part of the crop, and it has occurred to many minds 
that it might be made to yield some return to the 
farmer. It is sometimes used as manure, and also 
as fuel, and serious proposals have been made to 
raise it to the jwsition of food for cattla In the 
latter capacity it would,, however, be little moiv 
nourishing than the pulverised stone with whidi 
the people in the famished district of Northern 
China tried to stay the pangs of himger in the 
famine of 1877, for it has been found on analysis 
to contain only 3*23 per cent, of nitrogenised fleeh- 
forming matter, 2*91 of oil and fatty matters, and 
14 '66 of gum and soluble mattera 
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THE FORtiE, 

By WrLLiAM Dt^UAs 8coTT-Mo«ciiiBrF, C.E, 



AMONG a]l the pr ajipji|.Wliich we have hitherto 
de^criVied as necessaiy for the production of 
iron, thei*e is none tluit is so jiictiirfsque in its 
asBOcifttions im the forge. Even in the earliest 
days of the iron niauufactm-e in Gix^at Britjuii, 
when the Romans ^Hth theii' ali'-blooiaeries were 
extmctiug the metal from the ores of the Dejxn 
Forest, there could never have been an^^hiiig in 
the pi-oceaa of gnielting tliat was llkelj to attract 
the eye of the jioet or the artist ; but fj'om time 
iuimeTnoriid the snuthy \it\» titforded nrnteriuls for 
both. It is only within a compamtively recent 
period, commencing ^vith the inventions of Heiny 
Coil and the hirger appliances of the rolling mill, 
t&st any change has taken [iluce in the ]>rimitive 
i^9}Amtii8 of Iiammer and anvil ; and wherever the 
manufacture of iron is earned on under the old- 
^shioned system tliat sulticed for the wants of our 
anoestorB, thei-e still remains the old jiictui'esiqueness 
which must have been at one time its distinguishing 
dijinicterlstic. Dr. Percy, in quoting from Dt\ 
Hooker's Himalayan journals, seems to be struck 
with the idea of a botfiiiLst^ whos^^ love for phmts 
and trees was likely to lead liiiii to sjieak adversely 
of any pi^ocess tliat consumed them so ruthle,s.sly, 
referring Ui the forges of the Ivhasia Mountains 
in thr language of romantic ajjpreeiation. Even 
Bong the splendid scenery of the Himalayas, he 
niithing incongruous in tlie pi-esence of iron 
fii^ctoriea ; and so we may conclude that in our 
own country thei^ was nothing otlensive iu the 
oldrn days, when they were conducttid in an ecpndly 
primitive mauuer. In one of his ih .seiiptiuns, Dr, 
(aftefwardfl Sir) J. D. Hooker says :— " Few lumsea 
were visible, hut the curiing smoke from tJje valleys 
Ijetrayed tJieir lurlcing-places, whilst the tinkling 
soauti of the hammei-s IVom the distant forges on 
aU sides was singularly musical and pleasing ; they 
fell on the e4ir like * bells ti[xui the wind/ each 
ring l>eing exquisitely melo-dious, and chiming har- 
tiioidoiialy with the otliei's. The solitude und Ije-auty 
of the scenery, and the emotions excited by the 
mq^c of chimes, tended to tranquil lise our mindsj 
i by the fatigues of travel and the excitement 
its that i-equii^ imremitting attention ; and 
we reateil for some time, our imaginations wandering 
to far-tlistant scenes, brought vividly to our minds 
by tliese familiar souiidn/' How dilfeivntj alas! from 



our own Black Country, whei'e these primitive pitv 
cesses have been developed by the ing«?nnity of the 
last few genemtions ! In the small forges to whiclj 
Dr, Hooker refei-s, the appliances are of the rudest, 
description j so simple am tliey, indee^l, that Dr. 
Percy inclines to tlie belief that they nuist liave 
V»een used a long time lu-evioiis to the intrtiduetion 
of bromse, which ix^quiaes much greater skill for its 
prmluctiom This opinion is dii*ectly opposed to that 
of archaeologLstii, who seem to be quite agi-eed that 
the age of bronze ]>reced€d *' the age of iron *' j 
thifUgh Dr. Percy comliats this with the assertion 
that iixju rusts away so readily tliat it may have all 
disitppeareil, leaving nothing but bronze as a record 
of the earliest metal in use* Speaking of the easy 
way in which iron caji he pi-oduced in these? small 
fiuiiaces, he says : — ** If a Jumi> of red or l>i*own 
hienuitite be heated for a few hours in a charcoid 
fire, well surrounded or imbedded in the fuel, it 
will be more or less completely rt*duced, ho us to 
admit of its l>eing easily forged at a i*ed ht^at into 
a bar of ii-on." 

Although reducing iix>n from the crude state is 
really more closely connected with srurlting than 
forging, it is still associated in name at [ciini with 
tlie lattc^r proct^ss, and has been carried on from 
time immemorial in various }iarts of the worl«l» 
so widely se|>anited that it would i>e impossible 
to ti*iu?e their common origin, if it ever existed. 

It would occupy too much space to give even lui 
outline of the diffei-ent locfdities where forges are 
ciuried on, or to go into det^iil as to the jjarticular 
apfdiances employe<L In Central Africa, se|»jimtc*d 
liy hundreds of leagues from the neai-est civilisation, 
they ai-e conducted to an extent that is quite sur- 
prising ; anil the desciiption of a well-known traveller 
seemed almost beyond L>elief to the jiresent writer, 
when he heitrd in conversation the nan*ative of 
that distinguisljed eye-witness. 

All these forges de|>end upon thr same oonditions 
of fuel and an artificial blast of air, the only dilTer- 
ence Wing the mcMie of api>lying them, wliich haB 
already been referred to in the first chapter of this 
series. In Eujo}>e there is a i»rocess which hUD 
survives, and which is knoM^n as the ( -atalan forge, 
from the j>ix>vince of Catalonia, in Spain, where it 
was probably fii-st intrinlueed — at le*ist into that 
jjiu-t of Uie Continent The historical and technicid 
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interest which attaches to this process is so great 
that we will give a short description of it. There 
are records of the manufacture of iron having been 
carried on among the French Pyrenees so early as 
the thii-teenth century ; but it is probable that it 
existed long previously, and there is little doubt 
that from this source came many of the weapons 
and much of the armour of mediaeval warfare. 

Till towards the beginning of the eighteenth 
century, bellows were the only means employed 
for proilucing the blast ; but about that period 
an appliance was employed which is so curious 
that it is deserving of special mention. This is 
known as the Ti'omj>e, and was the only ap]mratus 
employed up to very recent times among the Catalan 
forges of the Deimrtment of Ari6ge. It is believed 
to have been introduced from Italy, and to have 
been invented there in 1640. Although the scien- 
tific principles upon which this curious apparatus 
dejiends are essentially different from the well-known 
Injector of Giffard, by means of which cold water is 
forced directly into a boiler by a jet of steam, there 
is a strange similarity between them. In both cases 
the adjustment of a nozzle in an essential element 
of efficiency ; but in the trompe it is arranged so 
that a jet of water entangles a quantity of air from 
the atmosphere, carrying it along in its descent to a 
lai-ge tank, where both are separated at a pressure 
sufficient to maintain a considerable blast. At one 
time the theory of the trempe created a great amount 
of scientific inquiry: and we are not aware 
of its having been settleil ui)on any authoritative 
gi'ounds. In 1800, Venturi accounted for the blast 
"by the motion which lie supposed the falling stream 
of water communicated to the surrounding air in 
contact with it." His reasons for coming to this 
conclusion, however, could not have been very con- 
vincing, because so late as 1848 Magnus, Professor 
of Physics in the University of Berlin, affirmed 
"that the true physical cause of the rushing down 
of the air was still quite unknown." Without offer- 
ing any alternative theory to that of Ventun, it 
will Ik) sufficient to give a short description of the 
ap]Hii*atus which at one time gave rise to so much 
scientific discussion. With the exception of a few 
pil>es and connections, the trompe is constructed 
entirely of wood, and consists of a strong tank 
{jHxicherov) holding several tons of water, which is 
l>lace<l at an elevation of l)etween 20 feet and 30 feet 
al)ove another tjink, with whicL it communicates 
by one or more wooden pii>es called trees (arbre^). 
It is the jieculiar manner in which the water is 
allow(Ml to jMiss from the upjKjr to the lower cistern 



which constitutes the efficiency of the apparatus. 
A wooden nozzle, with an adjustable plug under 
the control of the forgeman, brings the water into 
the upi)er extremity of the pipes or trees in the 
foi-m of a jet ; and just at the |)oint where this jet 
is formed there are openings through the sides of 
the pipe, inclined downwards at an angle of about 
40"^, so that the water at this particular part of its 
descent is in dii-ect contact with the outside air, 
wliich descends in considerable quantities to the 
lower tank, or wind-chest, where the air is released, 
and esca]>es in the form of a blast The pressnie 
varies from 3 inches to nearly 4 inches of laeaccarj, 
or about 1| lb. to 2 lb. pressure on the square indL 
Where there is an ample supply of water, the 
trom])e is a very usefid and easily maintained 
foim of blowing engine, its chief defect being the 
moist state of the air on reaching the fdmaoe, 
which consists of a simple hearth placed against 
a wall on the level of the floor. Dr. Peroy, in 
his " Metallurgy of Iron and Steel," gives a long 
and interesting account of the Catalan foige ; and 
we may here briefly give some idea of how one 
of these small establishments is carried on. The 
jjersofuiel consists of ten persons — eight feige- 
men (forgeurs)^ and two business men. The former 
number is made up of a foreman (foyer )f who has a 
general superintendence of the machinery ; a Iiam- 
merman {maille), who looks afler the treatment of 
the iron under the hammer, and has chaige of all 
the tools connected with it ; two smelters (smoIw), 
who look after the charging and working of the 
furnace ; and an assistant to each, which makes vp 
the eight. Even in these primitive establis 
the truck system exists; and one of its 
objectionable {)oints is said to be the habit of 
allowing the manager to be the purveyor of hiesd 
and wine to the forgemen. As a rule, the iion- 
masters who own these forges hand then over to 
the control of an overseer, who is genenl|y not 
only ill-infoi-med and ignorant, but entirely at the 
merey of the prejudices of his workmen. Then arr 
two kinds of iron which come fix>m the Qrtaha 
foi^s — one '^fer doux," soft iron; and tiie odier 
<' fer fort,'' or steely iron. The softer deaei^tioos 
seem to be of fair quality in the matter of fflbnMS- 
ness and malleability, but as a rule they an noi 
sufiiciently freed from impurities to be reliaUe 
Dr. Perey concludes his description of the Oataba 
process with one or two remarks, whidi must serve 
as an apology for the time we have oocupied in 
describing it : — " It will, perhaps, be considered hj 
some {)ei'sons that I have described the Catalan 
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piHDceas at iinnecesHary len;^b, becftitse it is uow 
defuiiet^ or nearly so, iu Eih-oim't and is not likely 
to lie rcnivod. But sui'ely the jirfxirsa by whit'b all 
iron WftS formerly protluccid tuents more tbaii a 
notice, on the grouud of historic interest 
blone. There are, however, uthor reasons which 
have induced me to present a detailed account 
of this procetsa. Hiich an account tc^aches much 
which will he of use in our future inquiries, 
and may Ui uKcful to eniij^Tant8 in some distant 
and eumpamtively inaccessible region, wlun*e the 
CatnJan process might be earneil on witli advan- 
tage, and compete 9ucce««fully even with Britii?h 
imn/* We have, taken the Catalan process as 
typicsil of njany oihei*s, which it wouhl Vie l»eyond 
oui' pur[»osG to describe. There is the Coi>iiean 
pixx?e»», wliich hoB all the appeamnoe of a common 
smith s forge ; the Osmund fiu^mce, of Hwetkai, 
which was more uf a blant furnace ; and fto on. 
Coming now to the development of the forge in 

^ttuH coimtry, it may be said to have foUowtni those 
ppliiuices wide! I l>ecame neoeflaaty for tJie produc- 
L of malleable iron on a htrge Hcale. No Hooner 
hiid Henry Cort introduced the system of ix>lJing 
milhs, than krger hammei"8 heearae necessary for 
** shingling" the puddletl baQs ; ho tliat, even befoi-e 
tJie in ttXKl notion of the steam hammer, thertr was 
eh ineiy available for forging ujKin a cfaiKiderablr 

^icale. In s[)eiiking of the steatu hanmier in the 
last chapter, we omitted to mention that the lii'Ht 
[latent on the subject was taken out in 17B4, by 
James Watt, whose far-seeing genius anticipated ho 
many of the inventions of the present c**ntury. It 
does not appear that he conceived the i<lea of a 
hammer acting directly, by a blow of the piston, as 
in Na,Hm}i:hX or of the cylinder ax in ( Vidie's ; 
hut, as the tliameter of the piston lie pro|K>sed was 
15 inches* he must Imve eontemplateii the con- 
struction of a machine of con^siderable dimensions, 
though it is not within our km»wh'dge that he ever 
carried it out Practictdiy, the plant of a forget is 
very similar t^ that of a rolling mill, in fm far as 
the most imjKirtant apitlianees of l>oth consist of 
TOverl*eratory furnaces and steam hammers, the 
former being used in rolling mills for puddling the 
pig iron and rendering it malleable ; and iu forg^, 
in a somewhat mo<lified form, for heating the 
masses of wrought iron, in order to i^enrler them 
sufficiently soft for treatment. Oeuendly s|>eakiug, 
in lioth forges and ixilliug nulls, tlie wtiste heat 
from the furnaces is mmle available for raising tlie 
steam m-cfsaary for working the steom hammer*s, 
by In^iug ittLssed through boilei^ ari'angiHl for that 



purpose. Although the strides that have been made 
ihning the last fifty years in eveiy brunch of 
the iron industiy have been so great that one 
njiglit sup[iose each of them to have advanced m- 
dcjiendently of the other, upon looking back it 
becomes apparent that every branch w^as reaU)i 
dependent u|Kai the other, and that any difficulties. 
which renmincNl unsurmounted in one» would hmv^ 
retanletl the progi^ess of all the I'est. For instance, 
it is hardly conceivable that such a gigantic oon* 
stniction as an ocean-going ><teamer, or an amimtr- 
plated wai- veasel, couhl have had any exifstenois; if j 
it had not been for the preWous introduction nf tbi* 
steam hammei^; and this will l>e i^ea<iily under»t<ioi) i 
when it is ex|>lained that many t»f theii' essential | 
parts are altogetlier the pi-oduction of the forgiv 
The screw and [laddle shafts of marine engioeg, ai»dl 
the stem and stern pieces of ships, bulk tnoi^l 
hugely in the luoductions of our large forgte than 
all the t*est of theii' output added together. No | 
liettt^r exjilanation of the way in which these huge 
masses of iron ai'e piwluced can he given, Uiaa by i 
simply saying that they nr^ like the [»ro<luction of 
a single bkcksmith upon a gigantic s«de, Fir«t of 
all, Bcra|)B of ii*on» many of them no longer than a 
penny piece, are built together on litth^ fntmes of 1 
wood, as in shingling, and raised to a wehling h«it 
in tJie furnace. In this state they are t^uc^l to 
a solid mass by tlie blows of the steam hanimer, 
and l>eing again heated, are welded togetljer, till k 
sufficient mass ha*i l)een obtaine<l— that in, shajieii 
as nearly as j>ossibJe to what is i\>quireU, h\ 
repeated blows. The greatest skill and attentioii 
are neoessaiy during tlie whole of this tcHii^mi^ 
pixwesst as every time the iron is heated, it is Hahlr 
to injury fntui a inis>i[»j*licjitiou of temji^ralufe, 
When the forging hjis i>een l)ronght as nearly a^ 
possible to the pn3|ier shape, if it is to b€* alioj^Uirr 
round, as in the case of a piY»| teller shaft, it is takeu 
to a gigantic turning-lathe, whei^ it is Hnished ; or 
if there ai'e flat suifaces^ as in crtiTik slnif^s. it i» 
tii-st phice<l in a planing machine, and then taken 
t^-» a hitlie to Im? finished. T\\e gigantic scale oo 
wliich everything has to l>e cairie^l out, is the otdv 
jieculiarity of the work of tinishing the forgtnga, «* 
the process iu no way diflTers from the manner in 
which malleable iron is converted into Qiacfainm 
upon a smaller scale, 

Tliei*e is j^erhajKH no one who has done more W 
inipmve ujion the ap|di;uioes of the moclirm fbqpe 
than Mr. Fraser, of the gtm factory at Wo<»lwich, to 
whose gt'nius the country is indebted for llie manv 
iuventidus thiit were necessary for the jatxhiction 
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of the famous guns known as " Woolwich Infants." 
The mass of iron required for making a large piece 
of ordnance is so enormous, that makers despaired 
of being able to produce it in one piece, and so in- 
troduced the system of building them together in 
thin coils. It is upon this plan that the well- 
known guns of Sir William Armstrong are 
constructed ; and it is to Mr. Fraser that the 
country is indebted for a cheaper and more durable 
weapon. It can readily be understood, that where 
a gun has to be constructed of layers of iron, every 
one of which has to be fitted to the other with 
an exactness that exceeds in its nicety every other 
production of the kind, great expense must be 
incurred ; and that even when the utmost perfection 
in its construction has been reached, it can never 
have the same solidity as a homogeneous mass of iron 
without flaws. The practical difficulties in carry- 
ing out Mr. Fraser's plan of solid forgings were 
immense, but the appliances he makes use of are so 
complete, that the largest guns are turned out with 
greater ease than many of the forgings of other 
establishments, which are only half the weight. 
The first great practical improvement was forgiug 
the heavier masses in the form of gigantic bars, 
something in tlie manner of the barrels of small 
arms, by first heating a square bar in a furnace, 
and then fixing one end of it to a huge roller, 
which twists it round* like a piece of wire, when 



it is converted into a coil and then slipped off 
the end of the roller. It is next subjected to 
a welding heat, and in this condition is removed 
from the furnace by a pair of leviathan tongs 
that are suspended from a steam crane, by means 
of which it is placed imder the steam hammer, 
where by a few blows it is turned into a solid 
cylinder of malleable iron. In this way, instead of 
thin laminations, the structure consists of only two 
or three thicknesses, one of which forms the barrel, 
and the other, the outer layers that are such a 
prominent feature in the shape of a " Woolwich 
Infant." 

The perfect manner in which means are adapted 
to the end in working with these great masses of 
glowing iron, enables them to be produced without 
the expense of any extraordinary exertion on the 
part of the workmen ; and we know of nothing that 
better illustrates the capabilities of modem appli- 
ances than the inventions introduced by Mr. Fraser 
for the production of these huge pieces of artillery. 
Much time might be occupied in a description of 
other specialties of the forge, such as chains and 
anchors, but as they all depend upon the same 
conditions, we have chosen the larger productions 
as best suited to the purpose of illustration. 

In our next chaj)ter in this series we projwse to 
give some account of the Bessemer process for pro- 
ducing steel. 
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MOHAIR. 
Dv William (tihsox. 



AMONG the most interesting incidents the 
traveller in the South of Finance m<jets with 
is the mode in which flocks of sheep are moved 
from the rich plains to the table-lands of the 
Pyrenees or the Alps, where the air is bracing, 
and the grass tender and succulent. Instead of 
the dog, faithful and intelligent, the shepherd em- 
ploys a small hei-d of goats — hardy, adventurous, 
obedient to the wonl of command — as fuglemen to 
the sheep. Tliese goats are trained to stop or go 
on when ordered ; and when they have, by unerring 
instinct, guided their charge to some grassy plot, 
or snug shelter from the bitter wind, they roam 
away to the giddier heights to feed on scantier 
herbage, but are ready at the call of their master 
to rotum, and, like the pioneers at the head of an 



army, resume their maroh in front of the henl. 
So, in the old days of the patriarchs, wei-e the 
goats and the sheep mixe<l in one flock ; and 
so do we find the Bedouin now, in the wdtlya of 
Sinai and the hill-country lieyond Jordan, employ- 
ing the same hardy animals as pasture hunters 
for their less intelligent companions. But this is 
not the only use to which they are put by the 
shecj) fiinni.T. 

Goats' hair is among the first, if not absolutely 
the firat animal substance, used in the manufacture 
of human clothing. Far back in dim antiquity, 
our rude forefathers in the valley of the Euphrjites, 
the Jews and Egyptians, the wild hunters of the 
mountain fastnesses of Asia Minor, the aboriginal 
inhabitants of the New World, the Celts in Ireland 
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and Northern Europe, had discovered the method 
of making artificial coverings from the fleeces of the 
goat. It was of this material the gorgeous curtains 
for the tabernacle in the plains of Sinai were woven ; 
it was with goats' hair that Saul of Tarsus made 
those tents by the sale of which he mainly supported 
himself during his arduous missionary journeys at 
the dawn of Chiistianity ; and it is f i-om the down 
that grows beneath the rougher outward covering 
of the she-goat that those splendid specimens of 
colour, texture, and delicacy of workmanship — the 
cashmere shawls — are produced- Mohair was in 
very genei-al use in Europe during the Middle Ages, 
and a considerable number of men were employed 
in its manufacture. Among the most expensive 
and prominent exports fi'o.m the Levant during the 
Commonwealth in this country was Angoi*a wool, 
spun and ready for the loom. There are two main 
classes of goods into which the hair of the goat is 
woven — viz., cashmere, and mohair — the former 
being an admixture of goats' haii- with silk, and 
the latter with sheei)s* wool 

Although goats'-hair cloth has never ceased to 
be manufactured in Europe, or worn by various 
classes of society, it gradually declined in public 
estimation as fabrics of sheej>s' wool became popular. 
An apparently insignificant circumstance gave this 
species of texture a new lease of popularity in 
Western Europe about the year 1820. Cashmere 
shawls were at that time in great request in France ; 
and a French weaver of very great eminence and 
enterprise, named Ternaux, of St. Ouen, fired with 
the desii-e of introducing the manufacture of cash- 
ir^ere shawls into his native country, and hoping to 
make a fortime by the venture, undertook a journey 
to the fair annually held at Novgorod, in the ex- 
|)ectation that he would there meet with some of 
the spun fleece he was in search of. Nor was he 
di8a])pointed. And one of the immediate results 
was that M. Ternaux engaged an agent to proceed 
to Central Asia, and biing over to Western Euro]>e 
a flock of the celebrated sheep. These were publicly 
exhibited in France in the year 1823, and imme- 
diately incited breeders to attempt the naturalisation 
of the Angora in that country. The matter was 
eagerly taken up by Messrs. Fjiciot, of Mont- 
martre, and Bietry, of Villepreaux, and resulted 
favourably. In 1827, the chief agricultural society 
offered a piize for increase in the flocks which had 
been located in the country. There was a very fair 
gathering of lambs from the various brcoils, and the 
prize — a silver medal — was awarded to M. Polon- 
neaux. It was found that the best crosses were 



obtained with the Angoras and Thibetans, but good 
results were tlie outcome of a mixture of Angora 
and the best Indian breeds. Meanwhile, M. Ternaux 
had constructed a plant of special machinery for the 
manufacture of shawls ; and his goods, though in- 
ferior in workmanship, fineness of texture, and 
wealth of colour to the true cashmere fabrics, 
were eagerly sought for, and bought more rapidly 
than they could be produced. The breeding of the 
sheep had not, however, reached that point of ex- 
cellence by which wool equal to that sold in the 
Russian mai-ket could be procured, and consequently 
M. Ternaux continued to import the raw material 
thence. Several other manufacturers now entered 
the field as competitors with the original producer 
of this class of goods ; and, though the fabrics they 
turned out were on the whole creditable, M. Ternaux 
still held the foremost place in public estimation. 
Naturally enough, M. Ternaux improved by the 
increase of exi)erience, and the proverbial good taste 
of French designers and the aptitude of Frendi 
workmen for the production bf artistic materials 
jx)werfully aided him in his enterprise. The other 
manufactiu^rs, finding themselves outstripped in the 
i-ace for favour in the shawl trade, turned their at- 
tention to other fields ; and thus was founded the 
great mohaii' and cashmei'e manufactures of that 
country. In order to show the zeal with which 
that class of lalwur was entered upon, and the 
extraordinaiy popularity of the fabrics offered, it 
may be stated that in 1835, or about ten years 
after M. Temaux's first shawls were put into the 
market, the aimual value of manufactured mohair 
had risen to no less a sum than 30,000,000 of francs, 
or £1,200,000 sterling. Spinning and weaving 
factories had spnmg up in the dei>artments of the 
Rhone, De I'Aude, and elsewhere. St Ouen, Nimes, 
Lyons, Pei-pignan, and Paris became great centres 
of the trade. In Paris alone there were eleven 
large shawl manufactui*ers, and three who devoted 
themselves exclusively to the production of the 
Ispahan imttem. 

One of the most interesting facts in connection 
with the history of the manufacture is the means 
by which the taste for this special class of goods 
was promoted. From the time of the Crusades 
down to the beginning of the pi-esent century, 
the East and West practically held but little in- 
tei-course ; and while the manufactured goods of 
the Occident found their way into Asia, chiefly 
thix>ugh the enterprise of the East India Company, 
few of the native productions of the Orient came 
amongst us. Napoleon's campaign in Egypt^ 
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difWiitrous as it was in a political ftense, was 
rich ill its contributions to the oommorce and 
manufiictiires of Western Euroi)e ; and it in to 
the officers of the anny of the Petit Cajx/ral, who 
wirthed to please their wives, sisters, and sweet- 
hearts with the beautiful and gaudy products of 
Ekustem looms, that we owe the introduction of 
cashmere shawls, and, in a secondary sense, the 
present position of the manufacture of goats' liair 
in this region of the world. These gentlemen in- 
vested lai^ly in such goods, and quite a furore 
was created in Paris, upon the return of the army 
from the Elast, liy those ladies whose frien<ls and 
relatives gave them the means of arraying themselves 
in the new and gorgeous articles de luxe. 

England all this time had done nothing to emu- 
late, and very little to promote, the new manufacture 
of France. We had, it is true, a small and growing 
tnde in mohair camlets; but, for the most ]>art, 
our weavers imported lianks of the spun yam from 
Smyrna. Our native spinners declined altogether 
to have anything to do with the raw mat<*rial, 
for the reason, as they allege<l, that the wool was 
too short in the "shaft" to yield results worth 
striving for. How they could have arrived at such 
a conclusion with the Sm}Tna yams before them, 
and with the knowledge of what had l)een done in 
France, is a mystery; but tlie truth is, that to 
]iromot« any new industry it requires one man of 
genius and enterprise, who " laughs at imftosHibili. 
ties, and says it sliall lie done." Tliat ])rimo factor 
introduce<l, the rest is merely a matter of time. 

There was, however, one man in this country 
who, though not a manufacturer himself, had a 
fine discernment of the capabilities of English me- 
chanical skill ; and, if he Iiad not directly made his 
mark in the fabrication of home ]>roductH, was a 
great power in a direction very clow»ly allie<l to 
that department of national industry. He had 
long >>een known to colonial ])ree<ler8 of sheep as 
one of the shrewdest and ablest advocates of a 
scientific system of crossing varieties, for the pur- 
pose of reaching the maximum of weight, finen«»Hs, 
snd length of wool ; and hiid done much to awaken 
breeders abroad to their true interests, and manu- 
&cturer8 at home to the fertile sources of incn*asing 
oar area of supply amongst our brethren, who had 
ventured to the isles of the sea, and carrinl British 
pluck and energy to our young colonies. He was 
also known on the wool (exchange as one of the 
princes of wool merchants — a man whose judgment 
snd int^^ty could be relied upon, and one whose 
qiecial knowledge had been of shining utility to the 



English woollen manufacturers. As he never ])er- 
mitted anything to slip by uninvestigated which 
might lienetit himself as a broker, his friends as 
woollen manufacturers, or his country in textile 
commerce, iM>thing that was going on in any })art 
of the world, in connection with the great industry 
with which he stood associated, was allowed to ]xiss. 
It is due to him alisolutely that s )me of the earliest 
efforts wfru miule in exiierimenting in Bradford 
uix)n al]NU*ii ; and it was through his hands, we 
believe, that the fleeces of the llamas in Windsor 
Park wen< sent to Yorksliire, and made into the 
first alfttica dresses worn by her Majesty. Tliomas 
Southey, wool broker, of London, is a name that 
must live as long as the alitaca trade endures ; and, 
though his biogra]>hy may not essentially differ from 
that of any other successful and intelligent merchant 
in the gn^it nietro]M)lis, yet his name and contribu- 
tions to the wealth of the country ought to lie held 
in lasting (*ste(»m. Thomas Southey knew what was 
going on in France ; wondered that no English 
manufacturer had ever tumeil his attention to the 
new industry ; and formed the fixed determination 
of seeing the hair of the goat yet s])un in England, 
and fabrics woven from the yam lietter in quality 
and largtT in amount than the gross product of the 
neighbouring nation. But the ste])s he undertook 
to attain tlie end he aimed at will liest be told in 
words which he wrote in 1848 in his work on 
" Colonial Wools." He says : — " In my foraier 
treatim*, I venture<l to express tlie \\Q\ie that the 
wool of goats would Ik? spun and largely woven 
in this country. It has become a source of pleasure 
to me to know tliat this desirable object has at length 
been attained ; and I rejoice to a<ld that British 
Angora's wool yam is now more esteemed than that 
of Asia Mitior. Tlie means by which this improve- 
ment was attaine<l I will briefly state. Im]iressed 
with the idea that Angora wool could 1h» sjmn in 
England, I took a small sample of it, together with 
some yam of the same material, with me when about 
to visit a friend at Tlietford, to whom 1 communi- 
cat<Hl my wishes, and he gave me an intnxluction 
to his agent at Noni*ich. After some preliminary 
conversation, the latter rej>lied tliat he thought the 
undertaking could lie accomplislunl, and would see 
that it was done. In the course of a fortnight 
afterwanls, a i)erson came to town with a letter 
from my friend's agent, and purchased two bales of 
Angora, which 1 learned were forwarded to Bradford. 
I procwnled there on my return from Scotland, with 
a view to ascertain what {tarties were consuming 
the article, and I was not long in discovering the 
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residence of the fortunate peraon who accom- 
plished this laudable object of the manufacturer's 
ambition." 

Such is the simple story of the introduction of 
Angora wool as one of the staples of home con- 
sumption ; and it is to the enterprise of the Bradford 
manufacturers that England is indebted so deeply 
for its splendid woollen fabrics. Spinners soon 
learned that the shortness of the "shaft" was no 
insuperable difficulty to English skill ; and, as is 
the case in this country in regard to most things, 
however reluctant we may be to take a thing up, 
once having determined to experiment upon it, 
we try our very best to outstrip all competitors. 
Hitherto, as has already been said, the Angora yam 
was imported from Asia Minor ; but as soon as 
English spinners really got to work upon the 
material, the exportations from Smyrna gradually 
declined, and at the present time the trade in 
Levant yarn has practically ceased. This will be 
seen at once from a comparison of the number of 
bales of yam exported from Asia Minor in the 
three years after the spinning of the wool was first 
taken in hand in tliis country. The first yam spun 
in England was in 1836, and in that year 538 bales 
were shipped at Smyrna. The following year only 
8 bales left that port, and, though endeavours were 
made to force the trade in 1838, not more than 28 
bales could be got rid of; while in 1839 there Is no 
record of a single bale having been shipped. France, 
however, now began to get fleeces through the mer- 
chants at Ck)nstantinople, as well as from the cara- 
vans that came annually to Novgorod. In 1836 that 
country imported from the metropolis of Turkey 
3,841 bales ; in 1837 there was a fall to 2,261 ; but 
in 1838, when the wool was beginning to be de- 
manded in the English market, 5,528 bales came 
from the Golden Horn; and in 1839 there was a 
further increase to 6,000 bales. Of these latter, 
England took from 1,000 to 1,500 bales, so that in 
three years the demand in this countiy had enor- 
mously increased. These statistics; however, must 
not Ije taken as exhaustive or al)solut«ly exact, 
because the means of registering exports either at 
Smyrna or Con8tantino[)le were defective. It was 
nobody's business to see that it was correctly 
done, and the figures quoted were bixjught to- 
gether by our consular agent in Asia Minor, Dr. 
Bowring, who collected a number of interesting 
statistics regaixling Syria from the best sources ojien 
to him. 

Mohair, the term now used for mixtui^es of goats' 
and sheeps' wool, comes to us from the same 



source as the Fi-ench equivalent mairej which 
seems to have been derived from the Indian 
word waiocor, the name by wliich goats' wool was 
known in that country (see p. 142). The species of 
goat known as the Angora exists in greatest per- 
fection in Asia Minor and Central Asia. Its fleece 
is white, and the coat is of the same length and 
quality throughout. In the districts where these 
goats are most perfect, the cats and greyhounds 
have similar long, white, silky, and slightly curled 
coats, and they thrive best in mountain plateaux 
from 1,500 to 2,500 feet above the level of the sea. 
The best fleeces are exported by a tiibe called the 
Yoorooks, who take great care to keep them clean. 
The fleeces — tiftik, as they are called — are clipped 
in April and May, and yield each from 1^ lb. to 
2| lb. of wool. The wool of the female is the 
finer and heavier. About a two-hundredth jxart 
of the total female yield is retained for the finest 
home manufactures. The outer hair of the he-goats 
and barren females is separated from the skins, by 
lime, after the animals are killed, and sent to Con- 
stantinople, whei-e it is used in making slipi)er- 
uppers. Some skins are cured with the hair on, 
and these fetch 20s. each in Angora, and about 50 per 
cent, more in Constantinople. The women of the 
country were formerly employed in combing the 
wool, and at that time there were six qualities of 
yam spuiL The first, second, and thiixi were chiefly 
used in France, Holland, and Germany, and the 
three highest in England. One great difficult 
that was found by French and English manufac- 
turers of cashmere and mohair was to get the wool 
to take a dye effectively. In Angora, the yam went 
through a process of being moistened in the liquor 
of what is called chirish — a plant of the asphodel 
species, which grows plentifully in Asia Minor — 
and it is believed this makes the yam dyeable. 

Eiistem spinners and weavers used goats' hair 
for many i)urpose8 to which those in England and 
France never applied it. For instance, some years 
ago among the sjx»cimens of Armenian workmanship 
brought to this country were parcels of scarves, 
gloves, socks, and other garments. Samples of these 
were shown to some of our Leicester manufacturers, 
and so skilful and perfect was the workmanship that 
they could not tell where the work began and where 
it finished. In this coimtry and France, mohair is 
chiefly used for ladies* dresses and cloaka The 
materials are sometimes the natural colour of the 
yarn ; sometimes it is dyed a uniform colour ; juid, 
though not perhajw so popular now as heretofore, 
dress pieces in stnpes and checks are in use. Angora 



WOOL AND WOK8TEI>— MuHAIIt 



223 



wool luid silk f$t«A trs «bo iv •xiUKidt^mUlta rtiimUi, 
The okief mnuufiictun* of til] etnsses of mohair 18 
canietl on in Norwich urid limJfunl, in the HouUi 
of SootlAmlf and in France ; but almost all manu- 
fiu^iurin^ cotintrira in Uie world ii8c mui^e or Ivhn 
of it^ and the yani m> nsvd i» now almost entiiT»iy 
importefl fmni the Norwich ami Bradford distiiets, 
wkere spinuixig is carried on to n vetj lat^ extent 



2j«. to 2n. 3<i l»er Ui. Tli« two Imlen oi-igumlly hoM 
from the wartilioiitit? of Tlioinaa Southey did not 
fntt*!* nion? than 9d. [h^v Uk 

Tilt* prooe«s4*« of manufacture an* very mmilar tu 
tUoHe thrxKigh which tht* uli»HC*a goes in its tmns- 
formation from mw wool to a woven fa^iric, and 
the reader may be referral to the articlea on that 
suhjoet tu reference to the stagee of its metamor- 
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Both the «| tinning and weaving of mohair materials 
rewully declint*d in Annmia, Wliile l,2fK) hxinm 
fidiy eiri|ilu\>Ml in Angoni alon**, iIhm^ art" not 
now 5n ; and the 20,<MM) piece*i of Ktiifl*tliat n»*e«l to 
be aajiually tumrd out in thi« diMiict havi* now 
Ulen to 1«*H ihiui 1,500, When the wckjI fii-Kt 
came into England, it wum worth nlw>ut 10<h |iei' lb, 
Betwt^n l?^2*J iind 1^40 it gniduafly roHf in value 
txy about la Sd. jier lb,, und now it is worth fi*om 



{ihoaia. It will, therefore* W seen that the |ri*ogn«a 
matt'inany dt^jieniletl uj>on the suooess with whieli 
th<^ 8|unnin^, weaving, nnil dyeing ofal[mcii wert^ 
acoomitlwhtNl ; and^ hxiked at from that standjK»int, 
to th»» UIkjui's of Mr. Foster^ of Queensbury, Sir 
TitUH Salt, and other Bmilford manufacturers, is 
due thf' jirominnnt position which this |mrticular 
bmnch of textile fiibricittiou holdi> among the woollen 
industries of England, 
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THE ALSTON WOOL-COMBING WORKS OF MESSRS. ISAAC HOLDEN AND SONS, AT BRADFORD. 
By James Burxley, Author of "Workshops op the West Kidixo." 



THE skill of the inventor has in no branch of 
manufacture produced more remarkable i-esults 
than in wool combing. For at least half a century 
after the introduction of steam as a motive i)ower, 
inventors were at work in England, France, and 
America, endeavouring to bring to i)ei'fection a 
machine to supersecle combing by hand, and, after 
much patient toil and disheai-tening failure, they at 
last succee<led, and a machine was produced which 
was capable of manipulating wool with much greater 
delicacy and dexterity than the hand com}>er had 
ever been able to do. The wool-combing machine 
effected a complete revolution — both social and 
industrial. Up to that time the hand wool 
coml>ers had formed a considerable propoiiion of 
the working jwpulation of the worsted district; 
and they had been accustomed every few years 
to celebrate, with great stir and show, the anni- 
vei'sary of the martyrdom of the inventor of wool 
combing — their patron saint. Bishop Blaize. It 
was high time, however, for something to be done 
to rescue the comber from employment that was 
unhealthful and demoralising. His surroundings 
were of the most wretched character. Compelled 
to do his work in a small living-room or bed- 
room ; bi-eathing the noxious fumes of the charcoal 
with which his "ix)t" was heated, and of the 
oil which he had to sprinkle over his wool ; and 
driven by the low rate of w^ages to live in small, 
poverty-stricken abodes, it was scarcely to be 
wondered at that he hished himself into rebellion 
against mankind in geneml, and was always ready 
to ally himself with any body of agitators — social, 
IHjliticiil, or i*eligiou8 — whose aim was to work gi'eat 
and sudden changes. But when a really gi*eat and 
sudden change overtwik the hand comber himself in 
his emj)loyment — when the time came for him to 
yield his lal>our to the superior comi)etition of a 
mju,'hine — then he was conservative enough, and 
opj>osed the new power with unrea.soning bitterness. 
He deprecate<l the change, and he deprecate<l the 
machine; but it was all in vain — the machine 
etrectually a.ss(?rted its supn'ui.-icy, and in time 
hand wool combing wixs entirely oblitemted, the 
discontented combera Ixring absorbed into other 
occupations. 

The story of this great inv(?ntion will be duly 
told in another |X)rtion of this work — how by 



the untiring exertions of such men as Collier, 
Heilmaini, Donisthorpe, Lister, Holden, Noble, and 
Hubner, the numerous wool-combing machincii 
that are now in use were severally develo[iecl 
In the present paj>er, however, we are wily 
concerned with the machine which Mr. Isaac 
Holden now exclusively employs at his Bradfcrd 
establishment, which we have undertaken to de- 
scribe^ and at the two large wool-combing oonoenis 
carried on by the firm of which he is the head, 
at Croix, near Eoubaix, and at Rheims, in FranoiL 
For upwards of forty years, Mr. Isaac Holden Im 
been more or less associated with wool-combing in- 
ventions ; fii*st, with Messrs. Townend Brothem, at 
the Cullingworth Mills, then in conjunc^n nith 
Mr. S. C. Lister, and Mr. G. E. Donisthorpe, and 
more i*ecently on his own responsibility. Mr. Holden 
was for many years iu imrtnersliip with Mr. lister, 
and managed the two concerns before referred to at 
Croix and Kheims ; but in 1857 he purchased Mr 
Lister's share in those establishments, and the pre 
sent firm of Isaac Holden and Sons was thereuimn 
constituted. Four years later, the Alston Wool- 
combing Works at Bradford were established, and 
from that time forward this firm have carrietl on 
the business of commission wool-combuig at Ci'oix, 
Rheims, and Bradford, on a very large scale. They 
have now by far the largest separate wool-oonibing 
works in the world, and each establishment is welJ 
entitled to be tei-med a " model " one. 

The Alston Works are situated in Thornton Boail, 
Bi*adford, a locality which has witnessed every 
successive development of the worsted trade. It 
Wiis in that smoke-hued district where, in the yt«r 
1800, the fii-bt steam factory in Bradford was built, 
Jind where, from that time, there has been oeiitreil 
an ever-gi-owing aiTay of huge, many-windowt^I 
mills and to^wering chimneys. Hei^e, the hum. and 
clash, and whir of machinery assail one at ewry 
turn ; here, at early mom, and at closing time of an 
evening, thousands of factory hands ma}* be se^w 
trooping to and from their daily labour ; and hfi»*. 
throughout (?very working day, wagons and carts 
laden with " pieces," wool, or yam, throng tlie roM'i 
in all dii*ections. The farther we proceetl up tlii*' 
road, away from the town, the better it loi»k^ 
the dingy, dirty, and cheerless edifices iu whicli tl- 
worsted manufacture was cradled, are left beliiifi. 
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and Ifti^, stately factories rise up on either side 
and jiive solidity iind di^Tiity to the tlioronghfare. 
A mile or so awuy from the centre of the tomi, we 
come upon the Alston Works, and can at once see, 
hy tlieli' niiigrdtude and Hubstantial appearance, that 
they perform an imp:>i't4mt part in sustaining the 
nianufacttiring eminenoe of Bnwlfonl. The gi'oimd 
occupied by the works — inchiding yartls, i-eservoins, 
offices, iind out-l>uilding& — oonipriBes eight acres* 
r The great shed alone contains about six acres of 
flooring. Everything about the place tells of care- 
• fill superintendence. There ai*e no unsightly 
in da of cinders, no scattered heajas of broken 
nery, no tumble-tlowTi walls or unseemly pro 
f jcctions ; but there is an architectural harmony 
about tlie buildings which one does not always look 
for in stmctui-es designed for industrial purjioses ; 
and a comm(?adable neatness and onlerliness seem 
to surround tfie whole place. A suite of coiumodious 
offices, together with the residence of Mr. Thomas 
Craig, the managing partner, marks the Thornton 
Road boundary, to the right of the entrance gate ; 
while, in a line therewith, on the opposite side of 
the gateway, there an3 certain weiglt housesj mis- 
cellaneous offices, and stables. Looking across the 
yju'd, we see a couple of capacious reservoii's, and, 
beyond these, an engine house, where an engine of 
► 50 hoi-se-power is kept continually pumping water 
from a gi^eat depth. With that |3ersistency of en- 
T -dea^'our which is one of the chief chamcterlstics of 
the modeni pioneer of industry, jMessrs. Hoi den 
determined to sink for water within their own 
gi-ounds, and they went down and down until they 
bad made a pit of enormous depth. After tin ex- 
penditure of not less than £lfi,UUO, they succeeded 
in their search, and have now the command of a 
never-failing supply of water, of a quality much su- 
jMjrior to the town's water, and with sj>€*cial mineral 
f3omj>onentH, which render it of great value for the 
purjiOBes of the wool-comiiing business. A brancli 
rail way in connection with the Gi-eat Northern 
LiqrBteni runs into the works, so that the facilities for 
I the iTceiving and transmission of goods are veiy 
I completa The arrangetnents for the mpid execu- 
I iion of work, indeeil, ai*e as eflfectual as it is possible 
L for them to be. Time is often of so much imjxiiir* 
; ance in these matters that nothing less than a 
perfection of system would have satisfied Messrs. 
j Holde^i, and now, ho closely sixe all their stages of 
wool combing doveUdled together, so tightly doe^ one 
' proceHs fit into another, that they have prabably 
Attaineii the maximum of expedition. It i« a 
frecjueat occui'rence that a customer will buy a 



qiiantity of wool at the Ijegimiiiig of the 
saleH, despatch it to Bradford, ixiid within a 
Messrs. Holden have the wool combetl and 
for delivery. Upon tlie result thus mpidly 
tained, the customer, while the wool sales are 
continuing, is able to i^ailate his further pur 

The appearance of the Alston Works from 
outside is that of a well-built, symmetrica^ 
gigantic stone shed, with the customary surroun 
ings of chimneys, engine houses, offices, and ^ 
sho|>s ; the appeanmce of the interior is altoget! 
ditferent. Outside, a certain amount of 
seems to linger round the building, despite the 1 
and clang of machijiery ; inside, a world of no 
glitter, ^md animation is reveided — wheels, pidle| 
level's, cranks, and ai-ms i-evolve, and chop, 
slide, and rise and fall, T\-ith a firm and fiitejuiy in 
cision which no human action could e<|ual 
stone iioor, stui-dy as it is, reverberates bene 
one's feet, and on every aide stand the evideooeii I 
a gi-ejit and mighty force. Fit>m the wool com bin 
of the hand comljer, with his ** |>ad post '* and 
*' pot o' four,^' to theojieiutionsof these wondei-fu 
constnicteil machines, is an advance as great a« 
ingenuity of man ever achievetl at one st 
transformation as complete as it ia well {lotsstblt^ j 
conceive. 

A glance at the different depfirtments of 
Alston Works, without attempting any exact 
serii>tion of the various |)rocesses of wool conibir 
may not be imintei-esting. It is the only way uy 
arrive at anything like a correct idea of the magni- 
tude and extent of the eBtabltslmieut. 

First, then, we descend into the !?« >«■ 

or cellar, which extends under tlieejii l\ 

brefutth of the shed. It is 31)0 feet long, and 2T<* 
feet broad, and is almost always full to repletioii 
witli bjdes and .sheets of wool, jtist as they hMvr 
been forwartled from the diffei^nt customers. Thii 
vast stoi^house is divid«H] into thirteen sepunt' 
compai-tmente, or " rooms," sb they are techtiicftUj 
termed, which "rooms" correspond prectsidy t«> 
simihir divisions in the sheil above. By Oi^ 
divisional amtugement, each lot of wool is kqit 
from first to last to its own series of " rooiaa.^ The 
" lot," to begin with, is jyhiced in a division of the 
warehouse which is completely l^oanled off inH 
sei>anited from e very th big else ; and the wool » 
then emptied from the sheets and deejiatched up 
its own ]>articular hoist into the correapoudiikl 
division of the waah-bomie immediately abora h 
may be imagined what a quantity of paclu of wool 
is continiiaUy going through this warehoiuM* when tt 
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tliat oil an averuge about 170 bales pass in 
of tilt? works every day. It is suck a large 
WRrehotuae, and tbere ai'e m iiumy jutting piles of 
wool, that the work-people in thi^s depulment appear 
ta be hidden away* and, as one walks through, 
Toices eeem to float up fit>ni cavernous depths in a 
most mysterious fasliion. One side of the ware- 
house is entirely occupied with little mtled-oif courts 
for the reception of the incoming wool, and from 
thenoe it is passed ibrwaitl uf> into the shed, whei-e 
the fiinst piocess of mampulatioii is brought to bear 
u|>on the fleeces. 

From the receiving warehouse we see the wool 
sent aloft into the wash-house. Thither we follow 
il. The staircflses and inlets we have to jiasa 
^h are of the most i-ooniy description, and we 
make our way l»y them to the groimd floor. 
Tlie wash-house is at one end of the building, and 
extentls the entire length of the shed. It is suffi- 
ciently wide to admit of two rows of washing 
nuK^iines and tanks, and to allow for a moderately 
broftd pathway down the centre, between the two 
rciws. Such a washing ami scouring one sees going 
oa het^e ! Tlie wool is being dressed, and stin-ed, 
jkfid shaken in tanks full of soapsuds by men armed 
witli pitchfork-looking iiLstrumenta. From the 
tanks it is pitssed through a series of rollers, and 
shaken and wrung in \ nrio^is ways luitil at last it 
emei^es fix^m the washijig machines in a white and 
wboleeome condition. All the way do>^Ti the wash- 
lianae, on l>oth sides, men ai-e to be seen with shiil- 
Bleeres ixjlleil up, t<is8in^ their pitchforks aliout 
smongst the wool and the soapuds, and the atmo- 
sphere is reilolent of soap, and lather, and steam. 
Paaaing down tln-ousjh the wash-house, we get 
occasional glimpses of the gi'eat shed thix)ugh the 
open archways^ and can hear the sound of the 
machines high above alb 

We slip under one of the white-washed archways, 
and tind oui*selves in the gi'eat shed — in the very 
hoirt of the machinery. In the space that here 
stands expused to us thei-e are no fewer than 117 
gigantic caitling machines, and 150 coml)ing ma- 
chines, besides a full complement of hack-washing 
and gilling machines. The cards luljoin upon the 
iraeJi -house ; thvn comes the back- washing section ; 
anil finally^ the combing and gilling ; the thirteen 
original divisions l>eiiig maintained thi-oughout, in 
the same manner as in the warehouse below. Tlie 
carding machines are kept running night and 
day, two mlays of work-fjcople l>eing employe<l. 
During the day both males and females ** mind " 
the^ machines, but at night only males are 



allowed to work them. The combs, however, 
are sui.'h deHcate instiiiments, and requii*e such 
tender handling, that females only are intrust-ed 
with their management — male fingers are con- 
sidered too clumsy to have the handling of them. 
Hence arises the necessity for a double supply 
of combs, since night hibour for females is against 
the law. This is the way in which the combing 
keeps pace with the canls. In France, females 
work by night as well as by day, so that the 
same ju-oportion of combs as at the Alston Works 
is not reqnii*ed at the other two eoncei-ns kept 
up by Messrs. Holden. Thus, the combing pi*u- 
cesses ai'e continued night and da}^ and except 
on Satui\lay afternoon and Sunday, the engines 
know no rest. 

There is an elevated platform in the miildle of 
the lai'ge shed, fr-om which the whole of the intc^rior 
cjin be taken iti at a glance. Stantting there, 
we survey with amazement the scene of activity 
which is spread out befoi-e us. First, after the 
wash-house, there is a bi'eadth of carding machines 
—nine rows of them — sti-etching fi*om top to bottom 
of the shed and buzzing and whiiTtng as they attack 
the nowly-washed wool. They take the tibre within 
their gi-eetiy jaws, break it u|x>n their viuioua 
wheels, rollers, and cylindei's, shake fiHjm it ail 
foreign elements and impedhiuntUi and, at last, the 
wool which enters the machines in tangled fleeces 
emerges therofram in a white, filmdike fomi, and 
api)ean3 to be another material altogether. A white 
mist seems to luing over the cards, but they are 
well fence*! in, and seem to bt^ almost automatic 
After the cai*ds, comes a line of two ro%^ of back- 
washing machines ; and, after that, the ultimu thuls 
of the woul-oombiug pi-ocess is reuched, and we se** 
row upon row of these delicate instruments uiM>n 
whicli so much human ingenuity has l)een expen<led 
—the combs themselves. As a piece of simple 
mechanism they ai-e l>eautiful to look ui>on ; the 
brightness of their apj>eai'ance, the unerring preci- 
sion of their movements, and the dexterity with 
which they bundle the wool, combine to excite 
iRlmii-atiom To such an extent ai-e these machines 
self-acting that one gii'l can mind two of them with 
jiei-fect ease. All she has to do is to see that tlie 
combs are kept strictly clea.n, and that no obstruc- 
tion is |)ennitted to interfei^ with the ingress and 
egress of the wcM^lly fibre. The combe move round 
the machines horizontally, each comb forming a 
cii*cular segment, and they are fed by a couple of 
feeders which imitate the motion of the old hand 
comber, and rise and fall with astonishing rapidity. 
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Luokiitg across these V)ri^ht rows of coiubing 
luacliliies, this contuiuotia rising and fiilliiig uiove- 
jneiit of Bteel-U-ethetl inKtrnments makes an t^xceed- 
ingly striking picture. Tlie horizo]ital combs coiney 
the wool round to the di-a wing-off mllei-a, and then 
we see the wool issQing from the miijchines in its 
combed ixmdition^^falling in white, histrousi, deli- 
cate filaments into tall tin cans placed reatly for its 
reception. The grand operation is now complete. 
As the wool unfolds itself in gentle ** slivers *' from 
the machmes, it lie« with its fi\>Tes all tenderly 
smoothefl cmt in one dii-ection, and is cleansed from 
all imimritiea. It now only i-eniains for it to l>e 
handed foi*ward to thp gilling machine^i, which 
amalgamate the long and i^hort iibres, and roll the 
whole iuto convenient balls, Tlie ** tops " ai'e now 
prepared for the processes of dm wing and spinning, 
and ready for delivery. When made into **toji8," the 
wool is launched into the warehonse i-ecesses below^ 
and from thence is despatched to castomers. Tickets 
of a particular colour and nuaiher accomjiany each 
"lot" of wool through all the firfx^esses, thus secur- 
ing perfect separation for it idl tli rough. Each hall 
of ** t<:>p8 " IB delivered with its ticket on^ and if 
anythLiig were found to be wi-ong with it they could 
trace the fault to the very depailment where it 
occurred. With such an immense establishment, 
such a large number of delicate machines, and such 
a constant inflowing of work, the most systematic 
management is requii-ed, and, in thiij case, it is fully 
attaiuetl. Giving themselves up solely to the busi- 
ness of wool combing, and having had a vast ex- 
j)erience in this coimtry and in Fii*nce, Messrs. 
Hold en and Hons ai-e enaVdiHl to arrange their eata- 
blishnumts on the most impi'oved principles* Their 
shed and other work-rooms are fitted up with all 
due attention to the health and comfoit of theh^ 
work-people, and are roomy, well ventilated, and 
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scrupulously clean. In w;dking through the 
one is not oppressed with uuple;i&ani odours* nor are 
one*8 eyes offended by anything dirty, slovenly, 
disagi^eeable. In the eiU*ly days of comliing miichin' 
the places where they wei-e worked were ul 
exti-emely imhealthy,close-smelHngtand over-heai 
and it was not without some show of reason 
they Avei^ temied *' devil-holes " by those whose &te 
it was t<i labour in them. Now, dl this has 
changed^ thanks to a better appreciation of the 
of healtli ; and no firm has done more to bring 
altei-ation about than that of Messrs, I sitae Hoi 
and Sons. 

Jn conclusion, it may be mentioned that at tli^^ 
Alston Works, when in full opei'ation, 700 wurf^H 
l>eople are employed ; that they liave three steam 
engines of an aggregate horse-jiower of 1,100 ; anrl 
that, for power and heating purposes, tliey oonsumr 
40 tons of coal per day. They make all their o^ 
combing machines on the preuiises, and do all Ui< 
own repaii's, their machine and mechanicH* 
forming a very ira|KDrtant pail of their works. 
the three concerns over which Messrs. Holden ]i 
aide there are 23 acix^s of actual flooring; tli( 
employ about 4,000 work-people, and run aUi 
500 cai-ding n^achines and 370 combs. The wi 
which these combing miu'hines can accomp 
would have taken no fewer than 25»000 
combei-s to have done under the old system. The 
raw wool which yeai^y jmsses through thesG thrv* 
concerns repi-eseuts the jH'orhice of over 20,000, 
sheepw 

As evidences of what can be achieved by 
inventive skill, untuning industry, and 'ring^l**' 
business sagacity, the Alston Wool -combing W<irkl 
are well worthy of notice. They are in evefj 
re^l>ect entitled to the name of Model iktaUialK 
ments. 




COTTON,— VU, 

OPENING — SCUTCH I KO-— C A EDINO. 
Bt DAvm BREMXEft) AtTHoa OP *» The iNntsTEiEs of ScoTLAxn.** 



HAYING brought the history of spinning 
miichines down to the prwluction of Roberts's 
self (icting mule, it is now desh*able that wc should 
n?tnice our steps and note the progress made in 
those ajipiiances by the aid of which cotton 
woc»l hi prei)ared for spiuning. The wool is 
imijorted in compactly-prenaed liales weighing 



el>out 4001b. each, and as the proooas bj^ whidi | 
the seed is separated on the j)hint4itum leaTW mny 
inipurities beliind, the fii-st can.^ of the uiaiiufiielliiv 
is to subject the flbi*e to a succession of daafiSlif 
o]>erations. In the early days of Uie eottoo laiuia- 
facture the broken seeds, leavea^ A'c, wero psmoTti 
by hand picking, and then the wool waa spns&i oa 
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the floor or a tablt;, and Wat^n witli willow wands, 
"which htul the eiiect of loosening the fibreJi and 
removing niiiid luid d^iKt An imiJi-ovTraetit on tins 
plan Wits the iutroduction of a table coveiied with iv 
strong, close-meahed netting, which allowed the sand 
and other impurities to pass to the floor duiing the 
** willowing.'^ Th*? pi-ocess WiiK one that consumed 
mnch time, and the i>eraons employed at it sytim*ed 
seriously in health fi^m the dust which they could 
not help Lniialing, Towards the end of hn^t eentury, 
after seeing how effectively meclianism could be 
made to peiform mnch more complicated work, 
vanous pei'sons tui-ned their attention to devising 



3 feet in diameter, 8up|K>rted in n iioiizontal posi- 
tion in a stont frame of wootl. The lower part 
of the eyluider was fonne*i of aJi iron grating, and 
the upper part of a sheet of ii*on Ix^aring on its 
inner siirface thi^ee rows of stixmg spikes arranged 
longittidinally, On an axle which iwssed tliroiigh 
the cylinder fi^oui end to end Wiis dxed a stjuai-e 
frame which boi^ on each of its aiigJes a set of 
spikes similar to those in tlie cylinder, but so 
atljusted as to jwiss between them. A sect ion of 
the lower jjart of the cylinder was made to open^ 
and so give access to tlie intenor. In using the 
machine, the workman in charge opened the door- 
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Fnmi View with tbc Door tjveu. 



iSide SectiuUn. 



The 8qc*»«-Piujikd Wii.m>w. 



00 for su])erseding hiuid wil lowing. In 1801 
3ilr, Bowtlen patented a mjichine, in which a series 
of rods were brought to bear in succession on tfie 
wool in imitation of the action of the hand — or 
rather, hands, for the nuichitie wieldei.1 the wands so 
vig(MT3nsly that it was equal to doing the work of a 
docen beaters. After delivenng a blow^ each i*od 
was drawn horizontally backwaiTl by a sliding 
motion, ami then raUed to a verticiil position ready 
to give another blow, which it wa« made to do by 
the sudden release of a spring, Tlie machine was 
ailopted in a nnnil*er of factories, but it was always 
regarded as too violent in its action, and was 
readily discarded when a mon^ perfect one was 
introduced. Its most formidable rival was the 
■qnare-fmmed wnllow, which came into genei-al use, 
and held ib* position until a recent period, Tliis 
roachinp con<^?«t^ of a cylindrical chamber about 



way, tosserl in a bundle of wool, closetl the apertnre, 
and set the axle in motion. As the spikes on the 
rectangular fmme h\kh\ round, they caught up the 
wrx4 in flakes, and by dashing it against the fixe<i 
spikes in the cylinder loosened the tautgled portions, 
and disengaged the sand and otlier impmitiej?, which 
esca|>ed through the grid. After a given time, the 
macliine was stopped, the cotton n^jioved, replace<l 
by finother lot, and so on. Tlie machine did its 
work fairly well, but the small quantity of wool 
operated on at a time, and the fiHj<pient stop[^Lge8 
necessary^ proved serious drawbacks. The conioa] 
self-acting willow, invented by Mr. Lillie, of Man- 
chester, was a gi'eat improvement on the machine 
joat described. It consisted of a tnmcated cone 
formetl of sheet iron and mounted on a horizontal 
axle. On its exterior sniface were four raws of 
l>egs arranged longitudinal ly. The cone waa 
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inclosed in a casing of similar form, but about 6 
inches more in diameter, so that there was a space 
of 3 inches all round. In the casing were rows 
of pegs corresponding to those on the cone, and the 
lower part of it was perforated so as to allow the 
dust to escape. At the narrow end of the cone was 
the feeding apparatus, which consisted of an endless 
apron on which the cotton was spread by hand in 
an approximately even layer, and drawn forward to 
the machine. As the cotton was caught by the 
pegs of the cone and beaten against those of the 
casing, it was, by the action of centrifugal force, 
gradually urged towards the wide end of the cone, 
where it was received upon a travelling apron and 
turned out upon the floor. In passing to the apron, 
it came into contact with a drum of wire netting, 
through which some of what dust remained among 
the fibre was drawn off by a current of air generated 
by a fan. This machine underwent modifications 
at the hands of various mechanicians ; but its main 
features are retained in some of the willows — or 
" openers," as they are also called — still employed. 
One of the most efficient openers in use, es- 
pecially for dealing with coarse and badly-ginned 
cotton, is that which was invented during the civil 
war in America, by Messrs. Crighton and Co., of 
Manchester. At that time, owing to the interrup- 
tion of supplies from the States, cotton of inferior 
quality foimd its way into the English market, and 
great difficulty was experienced in dealing with it. 
This led to the pi-oduction of the machine referred 
to, which answered all requirements ; and it still 
retains an important place among the appointments 
of a modem cotton mill. It consists of two iron 
chambers of conical form placed side by side, each 
resting on its apex. Each contains a series of 
beaters fixed on a vertical shaft and capable of 
being driven at a high rate of speed. The cotton 
is fed into the machine through a tube com- 
municating with the lower part of the first chamber, 
and is there brought into contact with the beaters. 
As the beating proceeds, the cotton is forced to the 
upper part of the chamber, and makes its exit 
through a tube communicating with the lower part 
of the second chamber, in which it undergoes 
exactly similar treatment, and is ultimately thrown 
out in a fine fleecy condition, freed from a large 
portion of the impurities it contained when it 
entered the first chaml>er. In the bottom of each 
cham1)er is a gi-id communicating with a tunnel 
from which the air is Ijeing constantly drawn by 
a fan, and by this means the dust is removed. 
Messrs. Lonl, of Todmorden, introduced a new 



mode of feeding openers of various kinds. A long 
tube, with its lower side perforated, is attached to 
the machine, and through this the cotton is forced 
by a strong current of air, the result being that a 
good deal of dust is got rid of before the cotton 
reaches the beaters. 

Though the operation of the willow freed the 
cotton of the grosser impurities, it was found 
necessary to the production of the finer qualities of 
yam that the cleansing process should be carried 
to a higher degree of perfection. The muslin 
manufacturers of the West of Scotland were the 
first to be impressed with this necessity, and in 
1797 Mr. Snodgrass, of Glasgow, introduced to the 
trade a machine which realised, to a large extent, 
the wishes of the spinners. This was the scutching 
machine, in which the cotton was subjected to a 
more thorough beating than in the willow, and bad 
the dust ' completely removed. The scutching 
machine was improved upon from time to time, 
and as now used leaves little to be desired in the 
quality of its work. Our engraving gives a sec- 
tional view of the delivery end of what is called 
the *^ first scutching machine." The machine in its 
complete form consists of a feed apron, two sets of 
beaters, two perforated dust cylinders, and an 
arrangement of rollers for delivering the cotton in 
a " lap." The feed apron is composed of narrow 
laths of wood fixed upon a pair of endless leather 
belts. It is divided into sections about 4 feet 
in length, and in feeding the machine a certain 
weight of cotton is spi*ead on each section. The 
object of this is to secure an even supply of material 
to the scutchers. While one section with its load of 
cotton moves forward into the machine, the attend- 
ant weighs off another quantity of the " opened " 
wool, and spreads it over the next section, and so 
on. As cotton varies slightly in weight, according 
as the weather is wet or dry, and as a metal 
counterpoise is uniform, a variable counterpoise k 
made by packing with cotton, of the right weight 
for a feed, a cylinder made of wire gauze, in shape 
like a stable lantem; as this weight is about as 
much affected by atmospheric changes as the cotton 
which is to be weighed, an equality is thus pre- 
served in forming the laps. Prom the apron the 
cotton passes between two wooden rollers to the 
feed rollers. The latter are of iron, and their 
surfaces are fluted for the better grasping of the 
cotton. Considerable importance attaches to the 
even feeding of this and the other preparing 
machines ; and in addition to the provision made 
by weighing to secure this end, an ingenioas 
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has been attached to the upper feed 
roller which iusures what may be described as com- 
plete umfomiity. Thin part of the ui)pa.nitus is not 
shown in the difiwing, but a brief description will 
make it* ojiemtion easily understood. The upper 
roller is so lulj listed that whenever more cot tern 
than the desired quantity gets between it and it^ 
fellow, it rises, and in doing bo moves a lever which 
operates on a belt connecting two eonicid dninis ; 
and the eftect is that the motion of the apron is 
retanled to the extent necessary to restore the feed 
to unifonnity. Should the fee<l become too thin, 
the upper I'oller is depresned, ajid, in tliis case, the 
effect piXKkiced is a tpiickening of the progress of the 
Apron. The feed i-ollers conduct tlie cotton mto a 
drciilai- cliaraber in which the lirsfc pair of beaters 
revolve. The beaters consist of flat bars of iron 
atUched to a horizon tnl axle, and are driven at 
the high speed of 1,500 revolutions per minute. As 
the cotton emerges from the feed rollers, it is stinick 
by the beatei-iii with such force as to disengage any 
dust or fi-agments of seed and leaf and loosen the 
intanglement of the filaments. In the under side of 
the circular chamber Ls a grid through which the 
Jieavier jKirticlea of dust escape. The Ijeatei-s send 
the cotton Hying into an inclosed jmssage, the 
bottom of which is composed of an apix)n similai' to 
thjit by which the machine is fed, and on which it 
la carrifMl forward to a perforated zinc cylinder, 
from which the air is being constantly di-awn by a 
faii« Against this cylinder the fiJanients are im- 
pinged by the draft, the [)erfoi'ations not mlmitting 
of their piissage, but allowing whiit particles of dust 
may have V>een ix^tained among the fibre to ^cape. 
As the cylinder revolves, it deposits the coWm in 
even layer on tlie apron, and in that form it 
liosaes to another |)air of feed rollers, and another 
set of l»eat4'rH which revolve at a higher speed th^Foi 
the tirsTt, This second beating effects a still further 
tooeening and cleansing of the wool. On leaving 
the second di\Tsion of the machine, the cotton is 
caught lietween two pairs of calendering rollers, by 
which it is pressed into a continuous lap, or slightly 
felted web. The lap is wound on rollers in quanti- 
ties convenient for subsequent operationa Tliat 
the fibres should sutier to some extent from this 
aevere treatment is a matter of coui-se, but the 
extent of the injury is not nearly so great as one 
would aupjx)ae. Several inventions designetl to 
reduce the injury have been brought into notice, 
one of the latest being of American origin — the 
Whipper-Beater — patented by Messrs, Wliitehead 
and Atherton, Instead of a single rigid rod, each 



l>eater is composed of six seeiions which swing 
ireely on an axle, and itiHict a soft and yielding 
blow to the cotton* Befoi-e it is I'eady for carding, 
the cotton has to go through the'* second scutch- 
ing machine," which is nearly identical with the 
first, except that it is fetl 'v^'ith lapped instead of 
loose cotton. In a frame at the feed end, thi'ee or 
more rolls of lap are placed one over the oilier, and 
the wool from all of them is drawn into the 
machine simultaneously. If the mixing of various 
qualities of cotton, ne<?essary to the production of 
certain kinds of yarn, lias not Wen done before, it 
is usual to do it at this stage, by putting on the 
machine laps of the kinds of cotton it is desii^ed to 
blend. 

Having passed thj*ough the scutching machines, 
and been formed into a lap, the cotton is ready for 
carding. This process is a most imjtoi-tant laie, and 
much time and ingenuity have l>een exj>ended on 
bringing it to the pi-esent degi-ee of |)eifection. As 
originally conducted by means of hand caixis, tlie 
operation was an exti^mely simple one, but tht? 
maehines by which it is now performed are com- 
plicated and costly. The objects sought to be 
Hccomjilished by carding are to disentangle the fibi'ea 
ius much as fiossible, and lay them i)anillel to each 
other. In early times, the ctuxls were comtKJsed of 
rows of wire points stuck in a piece of stout leather 
in a sloping direction. Tlie leather, which was 
usually about a foot in length by half that widtJi, 
was fixed to a boaixl with a handle attacheil. 
Taking up one of these cards, the 0|:>emtive spread 
on it a certain quantity of wool, ami tlien Ijy tlraw- 
ing another caixl over it agsiin and agttin. pulled all 
the fibres stmight, and finally turned otl' the wool 
in a fleecy roll retwly for the spinner. One of the 
earliest improvement.*? on this sinqjln ap[MU*atufl con- 
sisted in increasing the size of the card«, fixing the 
lower one to a bench, and susjiending tlie upfjer by 
means of a coixl and pulley. A lai^ger quantity of 
wool could thus be dealt with at one time, and a 
cortmderable saving of labour was eflfected. To 
James Hargreaves, the inventor of the spimiing- 
jenny, is given the ci'etlit of intiTwlucing cards of this 
kind — known as ** stock cards" — to the cotton 
imxnufacture. As the demands on tlie cardei*s 
were increased by the improvement of spinning 
apparatus, it was felt desirable that the caixling 
should, if possible, be made a continuous prooeOi 
In 3Iay, 1748, "Mr. Daniel Bourn, of Leominster, 
patented a cylindrical ctinler, the firet of which we 
have any information- About thi'ee months after* 
wards, Lewis Paul, of Birmingham, the inventor of 
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roller spinning, obtained a patent for two improved 
modes of cai*ding. In the first of these, the lower 
cards were attached in parallel bands or fillets, with 
a small space between each, to a flat board. The 
description in the specification says : — " The card is 
made up of a number of parallel cards, with inter- 
vening spaces between each, and the matter being 
caixled thereon, is afterwards took off" each card 
separately, and the several rows or filliments of 
wool or cotton so took off are connected into one 
entii-e mil." The upjx»r card, which was worked by 
hand, had fillets of wii*e corresponding with those 



the carding in continuous lengths to supply the 
spinning machines, Paul devised a system of belts 
or ribbons, which operated in this way : — ^A roller 
or bobbin containing a length of ribbon was placed 
beside the carding machine, and the ribbon led on 
to a second bobbin — the space between the bobbins 
being equal to the length of the cardings. Ajs each 
carding was produced, it was laid on the ribbon, 
and the two were wound together upon the second 
bobbin; and so on. From bobbins filled in this 
manner, the carding was passed to the spinning 
machine in a continuous line. The combined 
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CoTTOH ScuTCHivo Machinb. (SecHonal Viev of the Dtlivery End.) 



in the lower one, and by working it in a peculiar 
way a roll of cartling was produced from each band 
of cards. The second machine, though included in 
the same patent, was a great advance on this. It 
consisted of a cylinder covei^ with cards, which 
took the place of the upper card in the other 
arrangement ; while for the lower one was substi- 
tuted a curved card, so adjusted that its teeth 
worked in those of the cylinder. Tlie lower card 
could be lowered from tlie cylinder to receive a 
supply of wool, and that having been put on, it was 
again raised into contact with the cylinder. A few 
turns of the latter were siifiicient to arrange the 
fibres, and then tlie curved card was lowered and 
the wool stripped off it in rolls by means of a 
" needle-stick " — a comb made by fixing a number 
of needles in a slip of wood. In oixler t» arrange 



operations here described displayed much ingenuity, 
and marked an important step towards what was sub- 
sequently achieved by other inventors. The defects 
of the cylinder carder were the want of means of 
continuous feed and delivery. Sudi as it was, 
however, the invention had strong claims to adop- 
tion ; and yet the Lancashire manufacturers regaided 
it with shyness for a long time. Indeed, it was 
nearly twenty years after the date of the patent 
before the machine came into anything like general 
use. The original machine was used in the facUtry 
which Wyatt and Paul had erected at Northampton, 
and when that establishment was broken up, the 
carder was purchased by a Leominster hatter, who 
used it to card the wool required in his trade 
Subsequently the machine was intnxluced into Iab* 
cashire by a Wigan manufacturer. Mr. (afterwardi 
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Sir) RobeH Peel was among the tirst of those 
who recognised the merits of the principle of the 
machine, and, seeing its defects, took means to 
remove them. He employed Hargreaves, the 
inventor of the spin- 



tting-jenny, to cany ont 

his ideas. Hie macliine 

thub producer I eonsbsted 

of two or three cylinders 

oovared with fillets of 

cards ; and aftei* the 

cotton had been 

operated upon by 

these, it was removed 

in rolls with hand 

caffk applied by women. 

This carder did not, 

however, realise e3:pec- 

tfttions, an<l it wtxs put 

aside. In the.year 1770 

or 1771, Arkwriy[ht 

turned his attention to 

machine cai-diug, and 

sacoeeded in fumishing 

the cjUndiical caixls 

with both a feeding and 

a delivering aiTiinge- 

ment. It was claimed by several persons that they 

had foi^stAilled Arkwriju'lit in these matters, and 

when his patent of 1775 was disputed, eviiienoe was 

adduced which showed that though the claimants 

had made some progi-ess in devining mechuuical 

cardet^ their machines had not assumed a pmctical 



Paitl's Ctuitdeii Caoding Macoixe iJHD Ne£Di.l :Stic&, 
( Spi'cijicat ion Draveing, } 



shape prior to the date at which Arkwright had 
secured his inventions. A mode of continuous 
feeding of the carder by means of a revolving cloth 
or apron^ was invented in 1772, by Mr. John Lees, 

of Manchester* and this 
was the origin of what 
is still an im|>ortant 
part of the pre| wiring 
machines. Ark^Tight*a 
plan was to spread an 
even layer of wool on a 
web of cloth I and roll 
the two together upon 
a roller. The cju'der 
gradually unwound the 
cloth and fed ityt4f fiom 
the fleece. The carded 
wool was removed from 
the cylinder by the 
** craiik-and-comb " — a 
beautiful contrivance, 
which ia retjiined in the 
most imiiroved caixiitig 
engines of the present 
day. By this apparatus 
the wool was strip|>ed 
from the cylinder in a 
continuous 0eece, wluch was reduced to the form 
of a roll or s>)i\'er, by tieing [>asj>ed through a 
funnel a little distance in front of the curds, A« 
it eniergeil from the funnel, the sliver was oom- 
pi-essed by a |>air of njllofs, and then allowed to fall 
in coils into a tall tin can. 
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THE DECKS OF IRON SHIPS, 



THE deckm of 8hi|i8 furmah a remarkable illusti-a- 
tion of the fact that progress in the ait of ship 
building \mh fi-e^uently l>een accidental rather than 
I the result of cai^eful study or exjierimenttil investiga- 
Itioa. It seems cerUuri that the earliest vessels 
*ofien " or undecked, like boats of the present 
y^nclfl so constructed could not^ ofcoui-se, 
Eitnre on distant over-*iea voyages, except at gi^eat 
j risk : but there were other reasons for leaving such 
voyages unatti?nipted ; and it is curious to note that 
decks were not introduced at first to increase the 
left worthiness of shi|>s, but only to add to their 
power of accommodation. In war galleys, platforms 



were required near the liow and stern ii|X)n which 
the soldiers could stand and tight : but the eentml 
part — or " waist "*=of tlie vessel was occupif<l 
l»y the rowers, and was feft undecked. At 
length the desire to iuci'ease the number of m^ldiers 
canied by ouch galley led to the introihiction 
of a conii>lete deck from stem to stem; but the 
central part of the deck, over the benches of 
rowers, was niaile |K>rtabIe» so that it could be 
removed. Cinion, the Athenian conunander, ia 
said to have originated this idea of a complete upper 
deck, nearly 500 years B.a, but the an-angement 
did not rapidly pass from the galley to other claasei 
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of ships. Up to the time of the Norman Conquest, 
most of the ships of North-Eastem Europe were 
either open, or pai-tially decked. As longer voyages 
were imdertaken, the advantages of a complete 
upper deck could not fail to become apparent, form- 
ing as it did a watertight inclosure of the space re- 
quired for the accommodation of crew and cargo, as 
well as a valuable addition to the seaworthiness of 
a ship. Further, as the sizes of ships increased, the 
necessity ai*ose for intermediate decks to be used as 
platforms for carrying purposes, and for accommoda- 
tion ; and so by gradual stages an arrangement 
was i*eached which not merely fulfilled its primary 
purpose, but formed an important feature in the 
structural strength. 

The usefulness of decks as structural strength- 
eners was scarcely recognised a century ago: and 
imtil iron ships of large size became common 
the full advantages derivable from carefully con- 
structed decks were not realised. Now it is a 
generally accepted principle of construction that 
the decks, and especially the upper deck, should be 
classed amongst the principal parts of the structure, 
effective against strains tending to alter the form of 
a ship either longitudinally or transversely. Longi- 
tudinal bending in a ship — "hogging" or *• sagging," 
as a shipwright would say — can only result from an 
extension or compression of the upper and lower 
parts of the structure ; and ordinarily it is the upper 
deck which has to sustain the most severe tensile or 
compressive strains. Comparing a ship to a hollow 
tubular girder, like the Menai Bridge, her upper 
deck corresponds rouglily to the top of that girder ; 
her bottom, from the bilge downwards, corresponds 
to the bottom of the girder ; while her nearly ver- 
tical sides correspond to the side webs of the girder 
connecting the top and bottom. There are, how- 
ever, a few important differences between the ship 
and the bridge. In the latter all the bending 
strains tend to stretch the bottom and compress the 
top ; whereas in the ship there are great varuUuyna 
of strain, the top being sometimes compressed and 
at other times stretched. The bridge is fixed in 
position, the top and bottom not changing their 
relative positions ; but the ship rolls from side to 
side while she is being strained, and it is impossible 
to define absolutely what parts shall be regarded as 
the top and what as bottom. Moreover, the cir- 
cumstances sketched for the ship obviously create 
simultaneously transverse as well as longitudinal 
strains, a matter which still further complicates the 
problem. A deck, for example, may not merely 
have to act as part of a girder resisting longitudinal 



bending, but at the same time may have to tie the 
two sides of a ship together, and assist in preventing 
change of transverse form, in addition to acting as 
a platform carrying heavy weights of cargo or 
equipments 

This summary of the manifold duties and uses of 
the decks in a ship wiH probably be new to many 
readers ; for it is natural to regard the decks in 
their primaiy capacity as platforms, and to consider 
the beams merely as supports to the platforms, and 
the weights carried thereon. Such an incomplete 
view of the subject, although natural, could not 
fail to lead to imperfect construction ; but it is only 
proper to add, in justice to the builders of earlier 
ships, that experience has been the great teacher d 
the broader and sounder views exemplified in shipi 
of the present day. The substitution of iron for 
wood as the material chiefly used in ship building 
has also enabled the builder to simplify the con- 
struction of decks, as well as to make them more 
efficient. 

Passing &om these general considerations, it will 
be desirable to explain briefly, a few teclinical tenns 
used in connection with the decks of ships. Eveiy 
one is familiar with the fact that the decks of nearly 
all ships are curved both longitudinally and trans- 
versely. The longitudinal curvature is termed the 
" sheer," and it results in placing the fore and aft 
ends of the deck at a higher level than the midship 
part. This sheer is purely a matter of appearance, 
adding to the gracefulness of the form of a ship, 
particularly when there is a line of " ports " or 
openings in the side, which the eye of an observer 
can ti-ace. In some few ships, as in tlie Great 
Eastern and some turret ships, there is no sheer : 
in other cases, as in the well-known "billy- 
boys," the sheer is extremely great ; and with very 
low decks amidships a considerable height of free- 
board \a secured at the bow and stem, together 
with a valuable addition to the buoyancy and sea- 
worthiness. Considerable sheer in a deck has been 
often asserted to be necessarily an element of weak- 
ness against longitudinal bending strains ; and int 
few ships this opinion has been carried so far as to 
induce builders to give a reverse curvature to the 
deck, making the extremities lower than the mid- 
ship part. In a projjerly constructed ship the sheer 
of a deck need not be a source of weakness, and (is 
already remarked) the appearance of a vessel is thus 
greatly improved. Special cases occur, of coar». 
where appearance is a minor consideration : and, tf 
one of these exceptions, may be mentioned shallov- 
draught vessels for river navigatiany where the 
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ends bave been made lower than the middle 
of tlie lengthy in order to I'etluce the weight of the 
structtiit?. 

The traiusvei-se curvature of st deck nearly always 
l^ves it a considerable convexity, the main purpose 
of which 18 to readily and nipidly clear the deck of 
water that niiiy lodge ujyon it. Tlie deck is luiun- 
tainetl in this form by means of the beanus, which 
cross the ship transversely, and ai-e bent or 
fashioned to the pro]ier "round-up'* It^fore being 
pat in place. Here again a ]>opular notion asso- 
ClAtefi the curvattii^ with considerations of strength ; 
and it is frequently asserted that the ardmd form 
of the beams adds to tlieir strength. It ia scarcely 
necessary to say that the comparison of deck beams 
to an arcbetl liearing is most misleading, seeing 
Ikftt tlie 8ide^ of the ship cannot Hupply to the 

m that resistance to theii* ** tlirust " which is 
supphed by the strong, fijced abutments of an arch. 
TIic beiiins Ijuvej in fiict, to act a* ties or stmts, as 
tfje case may be, between opposite sides, and are 

luro not merely supi^oHs to the decks and the 
they cjirry, but completions of the tiuns\'erHe 
imniing which stiffens the skin, and wMch has been 
described in a previous chapter. Similarly, it is 
itoteworthy that the pillai-s fitted undenieath the 
beams art- most valuable adjuncts, not merely* as 
supports to the decks, but as contributaries to the 
transverse strength. In an imn ship these pillai-s 
not meivly hold the deck beaius up» Itut under 
aame circumstiinces, when a ship is I'olliug at sea, 
actuiilly do the opjw^dte, and hold the Ijeams and 
decks down, when the stniining forces incidental to 
rolling motions tend to distort the trans\^erse form. 
Various sectionrd forms of iron beams and pillars 
^Ye l>een illustrated on page 181, and remarks 
IiA%*e been made on their manufactui*e. To these it 
may l>e intei*esting to add a brief description of the 
firocess by which the **T>eam knee** is formed, as it 
illustratea the greater ease and efficiency insulting 
irom the substitution of iron for wood. Knees to 
beams are requij-ed whei-e the beam ends abut 
i^gainst the sides ; because as a ship rolls tliere is 
great danger that a change of angle iuht take |ilace 
lietween the deck and the side of the ship, such a 
change of angle, of courHe, invohdng working and 
moi'e or less distress in the structure. Tlie diagram 
;. 1) illustrates the three 8te|is by winch an iron 
knee in commonly forraefl. First, the beam 
end is cut along for a fiortion of its length near the 

le of its depth ; second, the lower part (a) is 
it to the requii'etl outline for the l>eam knee; 
thinly a piece of plate is welded in l^tween the two 



partes (aho'WTi stroked across in the third step), 
and this completes the knee. Its attachment to 
the transverse frames has «li*eady been illustrated 
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Fi|r- I.^COVSTTBUCTIOS OK 4Vr InOK fiEAK KlTtK. 

in the sectional drawing of an iron ship on page 185 ; 
and it will be obvious at a glance how efficient this 
simple arrangement must be. The attachment of 
the deck to the sides is still further sti-engthened 
by meiuis of a longitudinal ** stringer plate" (also 
shown on p. 185), wliieh extends along the beam 
ends, and Is riveted to the beams and to the outside 
plating. C?onti*asting tlds with tlie con-esponding 
features in a well-built woo«1i^m ship (illustrated by 
Fig. 2), the sui)enor efficiency of the iron ship will 
be apparent. A forge<l iron knee (n) is fitted 
undenieath the beam (b), the end of which rests 
ujxma longittidiuiil shelf-piece (»•), and is held down 
by another longitudinal tinilj>er, the ** water way" 
(d). The vertical arm of the iron knee is Viol ted 
through the planking and timbers of tlie ship's side, 
and the horizontal arm i>* lH>lted through the beam 
itself. This plan is the best which mimy centuries 
of experience i^-ith wood shi|i6 coidd evolve ; and it 
answers fairh' well. But even with it, working 
and change of angle betwf*en the deck iK^ams and 
the side -^ns not at all uncommou in a sea way ; 
and every one familiar with m'<xk1 sin\m ¥^^111 
know how fi'ecpiently l>eam-kn(^ fastenings require 
attention and repui's. In additrou, it will be clear 
that the work at the be^im ai*ms of wooden ships 
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must be much more complicated and expensive than 
the corresponding work in an iron ship. 

At the outset of iron ship building, iron beams 
were only procurable with difficulty, and wooden 
beams were often fitted; in fact, the decks were 
arranged much as was usual in wooden ships. This 
defective system was, however, speedily abandoned : 
iron beams of a flanged section i-eplaced the solid 
rectangular timber beams, iron pilliirs took the 
place of wood, and iron deck Htriuger plates were 
fitted instead of wooden water wajs>. All the»e 
changes tended to produce greater rigidity in the 
structure, and a fuller association of lightness with 
strength. The plan now in general use for beam- 
end connections has every chance of 
remaining undisturbed, for it anawers 
its piu'pose admirably, and it is not 
easy to see how it can be greatly im* 
proved upon. One 
attempt at improve- 
ment has been made 
in ships framed on 
the longitudinal sys- 
tem (illustrated by 
the sectional view on 
p. 205), where it will 
be observed that the 
deck is supported by 
beai*ers placed longi- 
tudinally, instead of 
by ti-ansverse beams. 
The principle of this 
altered arrangement 
of deck-bearers m identical with that pi'eviously 
explained for the longitudinal system of framing 
— viz., that the stifieners to the decks should be 
capable of assisting the decks in resisting the 
longitudinal bending strains, which are the 
most important strains sustained by the struc- 
ture. But while the principle is a sound one, 
its application to decks has never found much 
favour, and most ships with longitudinal framing 
have their deck beams placed transversely. In 
fact, it will be obvious that unless the bulk-heads 
extended to the upper deck of a ship, and formed 
8upj)orts to the longitudinal bearers, they could not 
be use<l successfully ; and it is not usual to carry 
the bulk-heads up to such a height except in small 
vessels. Another plan wliich has been used in a 
few iron ships, framed on the diagonal system, 
consisted in placing the beams diagonally across the 
deck instead of transversely; but this involved 
many inconveniences, and possessed no compensating 




Fig. 2.— Co^8TBUCTIOH OF A Wood Beam Knek. 



The iron ship builder has veiy little 
work to do in the prepai'ation of the deck beams ; 
in fact, the manufacturer not unfrequently supplies 
the beams to the correct lengths and " round-up,* 
with beam knees completed, and ready to go into 
place. In other cases, the beam knees are formed 
in the ship-yard, and the beams are bent to their 

proper foi-ms by means 
of suitable machineiy, 
even when they are 
supplied of the desired 
sectional foiTu. When 
** made " )>eam8 are 
used, formed of plates 
and angle irons, the 
builder commonly 
procures the sevenJ 
parts fi*oni the iron 
maker, and combines 
them himself into the 
finished beams. Such 
beams are, however, 
used less commonlj 
now than they were 
in the earlier days of 
iron ship building; 
and the marked ten- 
dency of the times is 
to make fuller use of 
finished sectional 
forms, reducing the 
preparatory work to 
be done in the ship 
yard. With wood beams no similar saving of 
labour is possible; by the skill of the ship- 
wright, aided perhaps by saw-mill machinery, 
the beams must be fashioned out of the roogb 
logs. Each beam must be made of two or three 
pieces in a ship of even moderate size ; whereas, 
with iron beams, even for the largest ships it 
is possible to weld them into one length, or to 
roll them in one length without welding. The 
'' scarphs" which are formed to unite the several 
pieces of a wood beam, require to be accurately 
fashioned and carefully fitted. One of the best 
plans of scarphing is illustrated in Pig. 3. The 
ends of the adjacent pieces are trinmied so that they 
shall "hook" into each other when superposed; 
hence this is termed a "hook scarph." MettI 
wedges or "keys" {k k) are driven in, in order to 
tighten up the scarph, and it is further secured by 
means of through bolts, and wood plugs or tree naife 
By these elaborate and expensive ammgementi 
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combinatioTi is foniieil capable of I'esisting 
BtraiDfi tending to pi ill the two sciirphed pieces 
iksunder, or to make them sepai-at^ when the Ijeaui 
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Pi?. 3.— Sc turn of Wooii Bmm* 

subjected to bendiiig inovciiients, pro+lucetl by 

%vy loads. But even then the scarph is inlerior 
in efficiency to tlie ^' wekl " or other simple con- 
Election practised with ii-on lx?ams» It is not sur- 
prising, therefore, that iron beamis are now fre- 
qnently fitted in wooden Khips. 

Passing from the beaniB or auppoi-ts of a deck to 
tlie [ilajiking or plating that eonstitiites the 
platform pi'oper — the *' flat of the deck " or •* deck 
flat " — a brief description must snflice. In most 
oiaes the deck flat is fonwed of wooden planks, 
placed lonptiidinally. and sf^eured by screw bolts 
ettliei' tc» the upi>er tlangeji of the beams, or to the 
iron phiting, now commonly fitted iijnm tlie beams 
Hud under the wootl planking. In Kome iron ships 
there is no woofl jihinkitig on certain decks, \mt 
the flat is formed entirely of iron plating riveted 
Q> the flanges of the beams. Fig, 4 illustrates tlie 
arrangement iind fasteningR of such an ijxin deck, 
ajid there is no important diSerence in these, 
whether the mm phiting is covered with wood or 
not A wood flat is iittefl upon a complete iron 
deck not because it is necessary as a strengthener, 
but because it a^lds to comfoil or convenience in 
the after-service of a ship, especially if she carries 
a large number of passengers or crew. In a cargo- 
carrying veflsel these oonfliderations have less weight, 
«Dd the wood di>ck is sometimes omitted. In war 
Bfai[m also, where thick dec^k plating is used for 
defensive pur}>oses, it is not imfrequently left 
nn*^overed- 

A well-ajningeil wooden deck posKesses consider- 
able strength agamst the tensile or compi-essive 
strainfi due to longitudinal bf^nilijig. But it 
cannot comptire in efficiency with an iron deck, 
eitlier complete or partial. At first iron 8hi|>s had 




only wooden decks, or such decks associated with a 
few strakes of iron plating, stringers, tie plates, &c. 
But tis the lengths and sizes of ships have been 
increased, grejiter stmngth has been needed in the 
upper decks, and the extent of tlie ii-on plating 
has been gradually increased, with such beneficial 
results that it is now customary to have at least 
one deck iron [dated in ships of large size, Tlje 
great Atlantic steamers, 4U(^ or 500 feet in length, 
have in some instances the two uppermost decks 
covered with iron platings worked under wood 
planking. Siiiiilarly, two completely plated decks 
am to be found in raiuiy iron-hulled, armour-clad 
war ships ; and in the Great Ectsterti a still more 
remarkable armngeraent is cairied out on the 
upi>er deck, and wOl be descnl>ed in a future 
cliajiter. So maikerl ai*e the advantages of ii'on 
deck plating thiit in large wooden vessels of i^ecent 
date it is not unnsual to find the upper deck beams 
made of ii'on, and coyeretl with iron [*latuig as a 
connective to the weakness of the upjiei* works 
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commonly experienced on wood-built ships. Some- 
thing of this kind has been done in tlie larger 
armoured wootlen ships of our own and foreign 
navies, 

Revei-ting to the compaiison of a ship to a 
tubular giitler like the Menai Bridge, it will 
apjjeiu* that the up]x?rmost deck is that which wUl 
be most stimned l>y ** hogging," or ** sagging," and 
which consequently should have the gi-eatest 
strength given to it. This reasoning applies to 
most chtsses of ships, and it leads to tlie further 
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conclusion that it is of the greatest importance to 
maintain the continuity of strength in the upper 
decks from end to end. There may, of course, be 
erections above the upper deck, such as poops, 
forecastles, deck houses, <fec.: but these must be 
regarded as appendages to the structure, introduced 
for convenience sake, and not contributing any 
important assistance to the general structural 
strength. Below them all, and canying all, should 
be found the strong continuous upper deck. In no 
particular, perhaps, is the difference more marked 
than in this between the practice of earlier times, 
and that of the present time. Take for example 
the French ship of the seventeenth century 
illustmted on page 93. A deep '^ waist " amid- 
ships marks the height of the upper deck 
proper. Above this comes a partial deck, run- 
ning tlirough a portion of the length from the 
stem, and known as the "quarter-deck." Above 
this, again, stands the " poop," and still higher, 
on another step as it were, is the "round-house." 



At the bow, similai*, though less bardensome, super- 
structures were raised, culminating in the "fore- 
castle." All these features were only " survivals" 
— ^to use a modem but expressive phrase — of the 
features which had been valuable in ancient types 
of war ships, before cannon were extensively 
employed, and when it was advantageous in naval 
engagements to have many men carried high up, 
where they could do most damage to an enemy 
when fighting at close quarters. But it then 
required a bold man to introduce any changes in 
ship construction, or departures from an established 
practice ; and even to the end of the last century 
much of this top-hamper continued to exist at the 
extremities of our war ships. Their least depth 
occurred amidships — ^in the waist — where the 
greatest strength was required; and only a 
glimmering idea of the true functions and uses 
of a complete upper d.eck existed in the minds 
of a few of the most enlightened ship builders. AU 
this is now changed, and changed for the better. 



HEMP, FLAX, AND JUTE.— VII. 

FLAX HACKLING — EARLY MODES OF SPINNING. 
By David Bremner, Author of **The Industries of Scotland." 



FLAX, as we have seen, is scutched in the 
localities where it is grown, and having been 
packed up into bales or bundles, is sent to market, 
where it passes into the hands of the spinners. In 
the sjiinning mill, the first process to which the 
flax is subjected is hackling, the object of which is 
to separate the filaments, remove knots, and give 
to the fibres a parallel arrangement. The hackle, 
in its simplest form, consists of a series of steel 
spikes fixed in a board attached to a table or 
Btand, and is used by the workman drawing over it 
A bundle of scutched flax of convenient size. At 
each drawing, some of the coarser fibres and. dust 
are se})arated, and gradually the longer and finer 
filaments are reduced to a silky state. This fine 
portion of tlie flax is called " line," and is used for 
the production of yams of the highest quality, 
while the coarse fibre wliich has been extracted is 
called " tow," and is fit only for being worked into 
inferior yams. The skill of the hand scutcher 
depends on the quantity of fibre of the best quality 
be can extract from a given quantity of flax. As 
in other departments of textile manufacture, 
machinery has to a very great extent usurped the 



occuimtion of the hand hackler. For some purposes 
however, the old mode of operation is preferred ; 
but obviously this can be for a time only, as the 
gradual improvement of the machines is certain to 
result one day in a degree of perfection in working 
that will quite surpass the action of the hand. The 
hackles employed are usually from four to six in 
number, gradually increasing in fineness of spikes ; 
and the workman draws the flax over them several 
times in succession. He begins by taking up a 
quantity of flax about five or six ounces in wei^t, 
seizes it about the middle of its length, and twists 
the end towards him about his wrist, so as to main- 
tain a secure hold of it He then, by a peculiar 
tum of the arm, spreads the flax over the spikes 
and di-aws it through them. He operates on the 
root-end first, and having combed it out, presents 
the other end of the fibre. This he repeats on each 
of tlie hackles, until tow ceases to come off in any 
appreciable quantity, and then the dressing is con> 
sidered complete. In order to soften the fibre, and 
make it finer, it is sometimes beaten with a mallei 
between the first and second hacklinga. For thb 
purpose a single twist is put in the middle of eadi 
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trefiB or bnndle, and the twistfil part is laid upon a 
block of wood and struck with a mallet. The twist 
is then undone, and the flax rubbed lietween the 
bands. Brushing at tliis stiige i.s Jtlso regarded aa 
advantageous. This is done by laying the tlax on 
a boaixl, and applying to it a brush made of Hwines' 
brifitles. 

So much of the value of the tilire dejiends on the 
manner in which the hackling is done, and the 
operation is guided so much by the sense of touch 
in the workman's hand, that it was long believed 
to be an utter impossibility to accomplish the work 
by mechanical niei^Ds. There were not wanting, 
however, inducements for inventors to attempt to 
produce a hackling machine, nor for mill-owners to 
adopt it, should it Iw produced ; and aljout seventy 
yeaiB ago some ingeniouii pei-son succeeded in imi- 
tating in mechanism the motion of the hackler's 
arm. This machine was called the ** Peter," and 
was introduced into a numlwr of factones. It 
»iisiited of a dnira mounted on a horizontal axle, 
id carrying on i*jiised parts of its cucumfer- 
enc© four seta of hackles. Over the drum was a 
projecting arm jointe<i to the frame of the machine, 
and made to rise and fall alternately by means of 
m orank. Tlio flax to be operattsd upon was fixe<l 
in a clamp, and placed on hooks at the extremity 
of this ami ; and as the cylinder involved, the flax 
was struck flown upon each set of hackle>s, and held 
firmly while they passed through it. As the 
hackles on eacli machine were all of one size, it waa 
Deceaaary to pass the flax over four or five 
machines, and thus present it to hacklen inerea^sing 
in tineness. Tlie arrangement was hardly an 
economical one, imt it was accepted as a forecast of 
what was believed to be possible in course of time. 
In 1825, the pendulum hackling machine was 
invented. It consisted of a e*mij>ound ann aJid 
cranks which imitated the action of the hand 
even more perfectly than the " Petei*." In the 
first form of the machine the luickles were fixed 
on a table, and the tuft of flax being dealt with 
had the successive .sets jiresented to it by moving 
the table along under the nnichine. The thix, sis 
in the esse of the ** Peter," was held in n clamp, 
which was jdace<l on hooks at the end of the ai-m^ 
d by the motion of the cranks it was drawn first 
the right and then to the left over the spikes, 
ao that both sides of the tuft were opei'ated upon 
without turning the clamp. The machine was 
much }mprove<l liy the substitution for tli© table 
of a &ame similai' to the cylinder of the ** Peter," 
aad carrying on its siurface four sets of graduated 



hackles. When the flax had been drawn over the 
coarser set a suflicient number of times, the 
cylinder was turnetl roimd, and the second set of 
spikes brought into |X)8ition, and so on. It will 
thus be seen that the flax once placed in the ' 
machine did not requh^ to be shifted in any way 
until one of its ends was completely dressed. 
When this was done, the clamp was unfaatened, 
and the second end of the tuft presented to the 
machine. The next noteworthy step in advance 
was the production of the sheet hacklmg machine, 
which inti-oduced a piinciple still retained in the 
most approved meelianical haiklei^s. The hackles 
in this case were tixed u|x>n an endless belt or 
apron, which tnivelled over a pair of i*ollers placed 
a little way apart ; and the flax wtis held by an 
immovable arm, the clamps being turned as the 
work proceeded. Tliough the special filature of 
this machine wiis generally admii*etl, there were 
deftjcts in itjs working which hindered its general 
itdoption. The improvements that had taken place 
in flax-spinning machinery al>out the year 1H30 
led to the pn^ctic© of dividing the flax flbi*ea into 
lengths suitable for the production of difierent 
qualities of yam. The part nearest the root is 
coarse and strong, the middle piirt fine and strong, 
and the tip fine but not sta^ong, tuid it was con- 
sidei'ed advantjigeoua to use these parts sej^iirately. 
As a Sfpiai*e end would not admit of the pi-oduetion 
of an even tliRnul, means wei^c devised for tearing 
tlie fibre asunder. For this purpose a machine ia 
now used, which accompliahes the work at a rapid 
nite and in a satisfactory manner. In the case of 
fltix of second or lower quality, inten<led for coai-se 
yams, no cutting is deemed necessaiT. The cutting 
of the fibre necessitated tlie contrivance of a 
macldne capable of hackling the short lengths. 
Among the nuu^hiues constructed to meet the new 
order of things was the circular or eccentric hackJer, 
as it was indifiei'ently called. In it hackles were 
arranged on a cylinder which revolvetl at a stejidy 
jiace. At either end of this cylinder wwh a wlieel 
a third larger in diameter, but so mounti?il that its 
axis was several inches to the rear of that of thfe 
cylinder. In the rims of these wheels were notches, 
an<l the long clamps holding tlie flax wei*e placed 
with one end in a notch of each wheeL As the 
clamps were placed in position at the i*ear of tlie 
cylinder, the flax did not touch the hacklt^« ; but aa 
the caiT}^ng wheels moved slowly round, they 
carried first the tijjs, and then the body of the 
fibres of flax into contact with the spikes. The 
machine was so adjusted that the hackle cylinder 
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travelled at a speed sufficient to enable it to do its 
work thorouglily whUe the carrying wheels made 
half a revolution. On reaching a certain point of 
the circuit, a self-acting shunt removed the clamp 
from the machine, when the attendant reversed it, 
and placed it again in the carriers to have the 
geoond side of the tuft dreesed« As there were 
several clamps on the mnf^hitie at a time, the 
amount of work accomplished was considerable. 
The tow was remove<l fram the hackle by a 
brushing cylinder in the lower part of the machine. 
Only one size of hackle could be used^ and it was 



the apron* Above the apron is a rail along whicii 
the clamps with their dejiending tufts of flax txAveL 
The mnchine is fed at the side where the coamsl 
hackles are, and the clamps are thence poaaed iiloii| 
to the tiner Imnds of 3i)ikefj in sucoesseioci* The 
number of clamps on the machine at one tilDS 
corresponds to the number of the sets of hftcklea, 
and in passing through the maclune each tuft of 
flax I'eceives eight combings. How this comes 
about will be made apjmrent if we follow the oouraa 
of one tuft thix>ugh the machine. It ii first sliil 
along the rail until it comes above the coarsest eel 
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therefore necessary to put the flax through other 
machines having finer and finer hackles in succes- 
sion before it coidd be thoroughly dressed. Besides 
the expense entailed by the necessity for having 
sever;!] sets of machines, the arrangement involved 
a great loss of time, and many attem[)t.'s wei-e made 
to fif'vis*? a machine that would complete the 
hackling with one feeding. Among those who 
succeeded in a large measupe were Mr. Carmichael, 
of Dund«^, and Mr. Combe, of Belfai*t Mr. Car- 
micharl took im the basis of his machine the clamp 
system and travelling apron of earlier inventor's, 
but usetl them in a much improved fsishion. The 
api'on is moon ted on rolk'i*H so arranged that it 
presents a flat sloping siuiace in the front ]>art of 
the machine. The liackles, instead of being of 
uniform dimensions, are of four Biasea, each sim 
lieing placed on a separate longituditkal section of 



of hackles, and is thei-e held firmly far a fow 
second 8, when 8udd**nly it is drawn up moam 
distjince and turueil round, so ns to bring the otlier 
side of it into contact with the hackles. Wb«n 
this side in done, tlie rail rises, and the clamp it 
slid one stage to the left, where it brings its burden 
over the second and finer set of hackles. H«rr tin* 
holding and turning we saw in the first stage aff^ 
repeatetl ; the same takes place over the thinl and 
fourdi sfxtioiis of the apron ; and, finally, tbo flax 
emers^es completely hackled, so far as one half 
of its length is concerned. The clamp is th&n 
unfastened, the ends of the flax reverM»d, and 
the clamp again |)afiseil to the feeding side ot 
the machine. Wljen the flax has traversid the 
machine a second time, the hackling is complete. 
Among Mr. Combe's inventions is a maohlae in 
which the hackles are arraaged in graduated bands 
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on a eylinder; and instead of tuniing the clamps 
wlien the second side of tlie tufts lias to l>e dressed, 
that is accomplished by raising the flax for a 
moment, and reversing the motion of the cylinder, 
Mr. Combe has embodieil the same iileii in his 
}Mitent reversing sheet hackling machines which has 
found considenible farour in the eyes of fiax 
spinners. In this machine there are two aprons, 
caiTying hacklers which travel in a horizontal 
poeitioQ. The fiax is fixed in clamps, as in other 
macbineSf a row to each apron ; and after one side 
of ft tuft has been dressed, the clamps are swung 
forward to the other end, where (the motion of 



not a whit from that which prevailed in Egypt at 
the earliest |jeriod of which we have any i"^coM 
It is true that in the fourteenth century a frame 
was devised for holding the distaff and enabling 
the spindle to be used to gi'eater advantage, and 
that aljont the middle of the sixteenth century a 
spinning wheel was invented at Brunswick, and 
inti*odiiced into England ; but pei^ions who had 
been taught from their early youth to use the 
distaff and spindle » declined to sink their skill and 
experiment with the new apparatus, and the con- 
secpienoe was that many yeai-s passed before the 
merits of the wheel were fully i-ecognised. Mr, 
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the a[>ron9 ha%4ng in the meantime lieen reverse*!) 
the laeeond side is bi-oiight into contact with the 
}uicklers. Tlio form of this haekler is clearly 
shown in the enginving. Other hackling machines 
might l>e mention e<l — notably, that invented by 
Mr. Lowry» of IMfinchester^ — but the princijile of 
Uieir action may be sufficiently gathered from what 
^UIB Ijeen a 1 nearly written. 

♦ After Imiig hackleil, the flax is ready for spin- 
nijtg, or rather for being passed through certain 
machines which arrange it in a fonn convenient 
fnr *ieing spun. Flax spinning is one of the most 
ajicient of arts, and yet it is remarkable that no 
improvement was made in it until a comparatively 
recent perioiL The distaff and spindle seem to 
bftve been regarded as tlie perfection of spinning 
appliajices for thi^ee or four thoxiSimil years at leAst, 
and the way in which flax was spun in this country 
till well towards the close of last centurv, differed 
31 



Warden gives the following desci-iption of the use 
of the spindle, aa practised in Scotland alxiut a 
hundred years ago :— '* Tlie distaff was a j»iece of 
light wood, 15 to 20 inches long, round which 
the flax to Ije spun was wound, leaving a portion 
of the distaff clear of the flax. Tliis ]M)rtion 
wsis stuck into the apron-string of the spinner, or 
into a belt fastener! round her waist to iveeive it. 
The distaff" slanted out from the left side of thr* 
spinner, so as to be convenient for drawing the flax 
from it in forming the threads. The spindle was 
a round piece of wood alM:>ui a foot in length, thick 
in the middle and tapering towai^ds each end, the 
lower one something like the point of a cone, and 
the upper longer and leas pointed, with a ring or 
lielt of some heavy substance round the middle. 
A short threatl formed of the flax was fixed in a 
notch in the npi>er end of the spindle, and the 
spintile was then , turned smartly by the right hand 
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pressed upon it against the right thigh, and allow^d 
to dangle in the air, hanging by the thi-ead from 
the distalil The centrifugal motion thus given to 
the spindle was kept up for some time by the 
heavy ring upon it, which acted as a kind of 
balance-wheel and kept the circular motion some- 
what steady. While this whirling of the spindle 
was going on, the spinner was busy drawing out 
the fibres of the flax from the distaff with the 
left hand, and forming them into an equal thread 
with the right. When the spindle reached the 
gi-ound and stopped, or when the impetus given to 
it by the hand was lost — care being taken not to 
let it retrograde, as by that means pai-t of tlie twist 
given the thread spun would be lost — the yam 
spun was wound upon the upper part of the 
spindle. The same process was repeated again and 
again, until the spindle was full, from one to two 
yards being spun at each movement given to the 
spindle. The yam was then reeled off into cuts, 
heers, hasps, and spindles, when it was ready for 
tlie market or for being woven into cloth. This 
primitive system of spinning would appear strange 
to either maid or matron of the present day, but it 
was well known in Scotland to the grandmothers 
or great-grandmothers of this generation. It was 
sometimes practised within and sometimes without 
doors, as the spindle and distaff could be easily 
carried about, and it was no uncommon sight to 
see a girl herding the cows and plying her spindle 
busily the while. All females were thus taught to 
spin in their girlhood, and with care and assiduous 
application, but not without both, became expert 
at it." 

Besides the prejudice in favour of retaining a 
mode of spinning which had been practised from 
time immemorial, the cost of a spinning-wheel, as 
compared with that of a spindle and distaff, was so 
great as to prevent many persons from adopting it, 
and its introduction into our textile manufactures 
was, as already hinted, a slow process. In course 
of time the spindle and distaff were driven from 
the field, and spinning on the wheel came to be re- 
garded as a necessary female accomplishment A 



great impetus was given to the use of the wheel by 
the ojierations of the Board of Trustees of the 
Linen and Hempen Manufactures in Ireland, and 
the Board of Manufactures in Scotland, who estab- 
lished spinning schools, and fostered competition in 
the quality of the yams produced. It is recorded 
that in the year 1764 a great improvement in the 
spinning-wheel was invented by a Mr. Harrison, 
whereby it was said " a child may spin twice as 
much as a grown person can do with the common 
wheel." What the nature of the improvement was 
does not appear, but it was considered worthy of a 
grant of £50 from the funds of the Patriotic Society 
for the Encouragement of Arts and Commerce. At 
that time cotton was the fibre that was engaging 
most attention, and the minds of mechanicians 
were almost wholly occupied in contriving machines 
to work it. The marvellous achievements of this 
period are recorded in anotlier part of this work, 
and require but a passing allusion here. When it 
was discovered to be practicable to spin and weave 
cotton by machinery, the case of other fibres 
naturally fell to be considered, and in the year 
1787 it was made known to the world that the 
problem of spinning flax by machinery had been 
solved. John Kendrew, optician, and Thomas 
Porterhouse, clock-maker, both of Darlington, 
patented in that year " a machine, upon new prin- 
ciples, for spinning yam from hemp, tow, flax, or 
wool." The inventors established a small factory on 
the river Skeme, at Darlington, and at once entered 
upon a lucrative business. Their machines were of 
a very simple character, but did their work fairly 
well, and requests for licenses to use them poured 
in from many quarters. Fortunes were being made 
by the use of machinery in the cotton manufacture, 
and persons who were engaged in the flax trade 
thought they had only to procure the new machines 
to insure an accession of wealth. It was only 
those, however, who had patience to persevere in 
acquiring a knowledge of the machines, and who 
had diligence enough to attend to their careful con- 
struction and working, who succeeded in the race 
for riches. 
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WOOL AND WOESTED— VIL 

A CLOTH FACTORY— GENERAL VIEW. 
By WiLUAJi GtfisDS. 



WE can Iinriilj realise that within tlie memory 
of some men stiJJ livin^^ tbe fut-toty syntem 
was in its eiu-lj infancy ; iinU jM^i'lin|Hi n few 
may recall the time when most of the processes 
through which wck^I gues in it« tran.sforrnution into 
clotli were camccl on in scjmcati^ IiniMin;T:s» Bnt, 
stnuigely enough, i\\^ nineteenth century joinH 
hjuitls with the tii-st ; for ahoitly lifter the R^man 
invuaion finally took etiect, we find a cloth factoiy 
— certainly the earlieftt that existtxl in thin conntry 
— estahlishetl at Winchester, from which the 
soldiers of tlie various cohorts wei^ chiefly s«ii*plie<l 
with raiment ; and in coni'se of time the inhahit- 
juits of the countiy wei-e indncixl not only to adopt 
Korann miiimei-H, hut the dress» speech, and religion 
of their conc:jueroi*s. Hence we tind TjicituK, in hi.s 
Life of Agricola, saying, '* Jwh eilmn ^mbitifs noMfrl 
ftmwr et/requmia ioffn"* We can in fancy see the 
rongh soMiers, doffing their anns, h*isily engaged in 
comViing and wcavijig wool, wliile. their wives spun it 
into threads; and the half-tameil Bntonfl, luoking 
on in wonder, by and by were induced to go within 

* ** Hence, too, ft liking for our dr«iw Bpramg up, nnd the 
loffM becjune fashioiinble.^ 



the factory walls as Bchokrs, and their sweethearta, 
Ristei-a, and wives were tiinght by Roman matrons 
the art of spinning. Up to that time they had 
no knowledge of w^oven cloths, for they woi-e 
the skins of aninuds with the fur still adheiing 
to thenu We know that this facto ly was a 
Goveri.ment establishment, for the managpr — 
called a pi-ocurator by Tacitus — was apjwintt^ by 
the Enif^eror. Here bc^gan the woollen industry 
of England, which hna now i^ached such gigantic 
proiM>ilions, and in tliis way wa^ inHugujiite<i the 
factrory system, Histoiy is sOent as to the growth 
of the division of la'xair; but we know that it 
must have been the ever-inci^asing demand for 
textile fabrics which h*ci men to contine their att^n- 
tion to specific flepartments of lal>our. At any 
rate, in course of time sorters wei-e employed at 
their own homes ; wool oombera likewise worked at 
their own firesides ; one family was occupietl in 
fulling, another in milling, another in sheaiing, 
another in finishing. And in the wool-ptxxlaciiig 
distncts, every woman had from early youth lieen 
tniined i^i spin ; while in almost every house the 
father and sous set up a loom or two, and buried 




themselves all day throwing the rude shuttle to 
ertcij other Hcross the \var[j. That Htato of things 
coiitmued till the present century, when the inven- 
tion of iimehinery enahled nianufRctiu"era to eon- 
^'»"egat<^ the vtuiona haiidici iiftsmen under one roof, 
and we returned to the example w^hich the llonuuiH 
had set us in the lu-st centmy. Of courKe, in all 
ni^en tlicre have lieen liidi\"idual8 who oiii*ied on 
fi|jeciiic oi)erations on a gi-eat scale, and these 
employ etl large numbers of opeiiitives in a large 
house or fiictoiy; but weaving, combing, and 8|iin- 
iiiiig wei-e, until very i-ecently, c-aii-ied on in 
individual honseholds. The iirst man, so far as we 
c<m discover, who thought of con px^i^i ting spinners 
into one place w*as John Whitcondi, a famotis 
mannfact^u^r in the time of Heniy VI 11, In a 
jjoeni of hb he describf^ his estHbljKliruent, BeJiich* 
the sorter's was Uie spinniJig room, or, as he graphic- 
ally puts it — 

" Autl, in a chftamcr cIobo besido, 
Four hundred maidpns did abyde, 
In potticojtta of atanniiel n^» 
And milk whj'te korcherj* trn tlidr hed." 

Now, however, all that ia changed : the fleeces of 
b€*ep come in at one entl of a factor}', and leave it 
the other ready for the tailor. The wool couies 
to tJie nmnufactiirer in small kde^ contmniiifj 
t'voin two to tive fleeces each. They ai*o lianded 
over to the sorters, who unerringly distinguish t!ie 
*|uality c»f the wool from various pai'ts of the sheep. 
The ipialitiea of wool fu'e ten in number, and arn 
calletl picklocks, prime, choice, and sujier. Thesis 
are the liner sorts, and are grown chiefly along and 
on eneh niile of the spine. The coai-ser kinds an? 
head-wool, downrights, seconds (from the thixmt 



and bivast), abli (inferior to seconds, and from 11 
same part of the sheep), livery (coai^e, long bell/ 
w^ool), and short coarse, which gix>ws on the breast 
For all the tiner desciiptions of cloth, short wool ia 
used, and tlie i-aw materi>d is almost entiiwly 
impoited from Saxony and Spain. For tweodfl^ 
medium len^h wool of home and colonial growtli 
is used, the fleeces being obtjilned from the 8oulh» 
down, Norfolk, Dorset, Cheviot, and Atistraliaa 
brcedn. Long wo<>l is used entii*ely for worslrf 
mateiiala, or mixtiu-es of worste^l and al|iaGa» 
woi-sted and silk, and woi'sted and mohair. Uw 
leiison nhiM wool ift chonen for the finer eorta 
elotli is that it is natui-aily s^»ftc*r, and its felliiig 
j>ropeity is superior to long wocd. Tlie yield of the 
Leicester and Lincoln breeds, howev<ir, ia somctiiiMa 
brok*'n luUy convenient lengths for the ooarMcr 
kinds of tweeds, cai'pets, tjipestry, Ax\ The liaer 
sorts of Saxony mid Spanish wi»ol aix? from t^^stj*^ 
to -nriJTj^li I'**''f' **^ *i" ''**^'* **^ diamet^^r, and usually 
from 1 h in, ti> 4 in. in length, 

Althoufcli the fleece is well waj^luHl while on th^ 
sheep s hack, nothing can be done with it until H 
is thoroughly punfied, not only from the diii whidl 
the river ^vater did not take oiit, but the natural 
pt^iuHv sxihstam'e by which it is impi^gnatr»il, cnllKl 
*' yelk/' The scounng jiroceHs Is therefore the initial 
stjige jvreparatxjry to other essential prejiarutioii^ 
A long, nanxiw troudi, pat'tially filled with wann 
water and some strcai*^ alkab'ne, is nseil. At (me> end 
of it there is a feetliug ap|mratUH which came* 
the fleece int^> the tnjuph. In the interior arw ftwir 
sets of hooks which move Imckwanls and fonnmU, 
di-agging the tufts of wotd fot^cibly thruugh th» 
water. When sufliciently cleatiBed, it {hi«pw«« oalJ 
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ut the other end of the troeigh^ ig carx'ied on to a 
pair of ixillers, betwet^n which it i« thoi'onghly 
squeezed, and then sent forwai-d to the diyiiig 
machine, whera it is 6ubjeGt%;d to a hot-air bla^t 
till fi-ee from moisture. Notwithfttfiudin*^ all the 
labour so far bestowed upon it, the wool Btill ret^iina 
JL good deal of dust, and as it is more or less matted, 
requires to be toni clean It ib therefom next sent 
to the wiUy or willow — a machine whose name 
seems to be a coiTuption of winnow. The willy is 
& oonical'Shaped revolving drum, with sets of spikes 
round it, moving wHthin a case with spikes set so 
jw to go between those of the cylinder, iiUowiug as 
small a portion of wool as j>o,ssible to jni«s in a 
iTiatt^^d form. Tom to pieces in piissing fi*om the 
toji of the machine to the bottom, it falls into a 
rer«iver, thi*ough which passes a sti-ong bhust of air 
prmcluced by a meclKuijtjal fan, and so it is win- 
uowed from nil [nii-ti'.^h's of du«t. All that now 
rpfiiftins is to fi^ee it from bunii, twigs, and other 
siiKstaiices which got mixed with it while it was 
the covering of u sht^ep. Li unler to remove tliese, 
it luidei-gocM the process of hurriufr. An ingenious 
machine for iloiiig tliis work — the invention of a 
Belgian mechanician naine<i M. Martin — ^is in 
general use, and it is capable of elt^aniug 300 lb. of 
wool per honr. The wool is now white and clean, 
and if it be de^itinetl for superior cloth, it is handed 
over to the dyer, or if for the coai-ser and commoner 
HortH, tlmt ojicmtion is left to a fiitui-e stag**. 

Meantime, the wt>t>l is too dry and brittle to be 
manipulated conveniently, and hence it has to be 
w^ oiled, Fonnerly, this was done by spi-eatiing 



it out in a thin layer on a floor and pouring some 
vegetable oil over it, wliich was siibsecjuently 
thoroughly nibl>ed in tiU every hair had its projjer 
share. Now, however, tliis pi-ooess is fai' inoi'e 
quickly and efficiently done by a machine [mtenteil 
by Mr. George Leach, of Leeds. Tins *^ oiler '* keeps 
the wool in motion while a gi*eat n timber of fine 
jets cast a spi-ay of oil over it» If the cloth 
intended to be made is to be of several colours, the 
shade>i ait5 now mixed, and the material is ready for 
Uie " scribbler/' 

Scribbling is a pi^jwiratory carding, two main 
residts being aioted at^ — thoroughly to separate the 
tibres, and to throw them over one another in as 
many dillerent dii'ections as possible, so as to 
facilitate felting. The scribbler consists of a main 
cylinder, over which is di^awn a belt of leather, india- 
rubber, or otliPF suitable material, closely studded 
with line steel spikes slightly bent at the points, 
and round it, revolving in vaiious dii'ections, are a 
numVier of smaller cylinders, similarly anned. The 
macliine is fed by an endless a]>ron, and the wool, 
lis it passes Wtween the injiumeml»le teeth, gets 
separated into filaments, which are tossed about and 
mixed in inexjjlicable confusion. By this pit>oes8 
the wool is rendered lighter, evener, and more 
homogeneous. Having passed several times 
through this machine, the material goes to the 
** carder,*' which is veiy similar in constmctiofi. 
The chief distinction is that the teeth or s|>ikes on 
the cylinders are finer and more closely set. When 
thoi-onghly cartled, the wool is taken off by a 
" dofler" in a thin strip or *' sliver," about 32 inches 
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in len^rth. Attached to the most modem carders is 
wliat is called a "piecer" — i.e., an appliance for 
joining the " cardings" in a continuous thread. 
The '* carding " passes over leather bands, through a 
ring or gi*oove, and between rollers which give it a 
slightly yam-like shape. This tool is called a 
"condenser," because it reduces the bulk of the 
" sliver," and generally delivers 74 perfect " slub- 
bings,'* as the embryo yam is now called, at a 
time. These are divided into three sets of 24 
each, the two exterior ones generally being rejected 
as needing further " condensing." So perfect have 
carders been made that each machine is capable of 
turning out 56,000 to 60,000 yai*ds an hour, and so 
fine that one ounce of wool is stretched into a 
thread over 350 yards in length. The slubbing 
machine is popularly termed a " billy." 

Here a selection is made from the " slubbings," a 
portion being set apart to be made into warp yam, 
and another for weft yam. The warp yam is not 
"spun" so hard as weft. However, both are now 
sent to the " mule," or spinning machine, which is 
almost identical witli the spinning-jenny used in 
cotton factories. Some of the machines operate 
uix)n as many as 200 threads at a time, or, in other 
words, are capable of doing much more efficiently 
and evenly what 2,000 hand spinners could have 
accomplished in days gone by. Wai^) yam is 
drawn directly off the mule cobs, sized, and warped 
in required lengths. Tlie size used is a glutinous 
8ul)stance procured from rabbit skins, and besides 
giving the yam a smooth siuface which facilitates 
its being woven, strengthens it enough to admit of 
its being dealt with in the loom without bi*eaking. 
All the weaving now is done on power looms, 
which only differ fix)m those used in other branches 
of textile fabrication in their width of beam. Cloth 
has to be woven twice the width it is intended 
e^j'entually to measure. 6ix)adcloth measuring six 
quarters from selvage to selvage is woven three 
yai-ds wide, and proportionately for naiTow cloth. 
When the cloth leaves the loom, it is very different 
in appearance to a roll seen in a tailor's shop. It 
looks more like a blanket than anything else, and, 
held up between the eye and the light, is found to 
be full of interstices. Great care has to be taken 
in the weaving to get an even cast of the weft, and 
exactly the same number of " picks " to each inch of 
cloth. Unless this is attended to, the piece wrinkles 
and puckers in fulling. When it leaves the loom, 
cloth is technically known as " roughers." 

Before anything can lie done with " roughera," it 
requires to be freed fi*oin the oil and size with 



which it is impregnated, and hence it receives % 
second scouring with warm soapsuds. The scouring 
trough has a convex bottom, and is fitted with 
wooden mallets so arranged that they fall u]K>n the 
cloth in an oblique direction, and, while beating it 
about to free it from oil and size, these mallets, or 
" hanging stocks," as they are called, prepare it for 
the next important operation. As soon as it is 
thoroughly scoured, it is hung up, either in the 
open air or in a hot-air chamber, till thoroughly diy, 
and then sent to the " burling" room. Burling or 
knotting is simply darning. While in the scouring 
trough, it may have been torn in several places, or in 
weaving there may have been imperfect spots in the 
weft. All these defects have now to be made good. 
Burling is done entirely by females, and is aa 
important process. It might be thought that these 
dams would spoil the cloth, but it is not so ; for 
after the web has passed through the fulling mill, 
no traces of the operation can be detected. Each 
web is now very closely examined by skilled 
operatives, and, if it has not been dyed before, is 
coloured now. 

" Fulling " is the next step. The fulling, like the 
scouring trough, is filled with thick, warm soapsuds, 
and, like it, has a number of wooden mallets ar- 
ranged so as to beat the cloth when thoroughly 
saturated with the warm soapy water. But instead 
of falling upon the material obliquely, they strike it 
at right angles. Some manufacturers, instead of 
using " fulling stocks," or " hanging stocks " — the 
old method long held to be the only efficient 
one — subject the woven material to great pres- 
sure, which answers the same purpose; but the 
best materials are always beaten till the warp 
and woof are " milled," or rendered like a* piece 
of felt. Everybody knows that knitted stock- 
ings shrink very much in washing, and the longer 
they are allowed to remain in hot soapy water, 
the more easily the threads " felt" Careful house- 
wives, therefore, in washing woollen stockings 
should use water barely warm, as little soap as 
possible, and take care not to allow them to 
remain too long in the " suds." Stockings should 
also be wrung very lightly, and subjected to 
the least amount of friction, or in a short time 
they will be unfit for wear. The felting proper^ 
of wool is its most valuable one, and will be 
explained fully hereafter. Suffice it to say now, 
that a filament of wool is covered with scales like 
the skin of a fish, and that when placed in hoi 
soapy water, these scales rise at right angles mlmoet 
from the thread ; and when force or pnmaxt oC 
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aiiy kind is applied^ the warp iind Avt>o£ creep 
together, and tlio scales giip ei*ch otlivr just as the 
dovetailing of wood. The more a piece of woollen 
cloth is beateiij the moi^ it felts, till nt List it 
aasaines the appeaiunce of a solid piece in which 
individital threiuls am vciy difficult to be <listin- 
giiished. Fulling — or " milling," as it is sonietimes 
called — is rather a tediouH pixiceas. Hingle millmg 
takes fmm \2 to 2(} hoiu*s, double niilling fixjm 24 
to 40 houni, and treble milling as Jong as 60 houi-s. 
Ordinary clollw, tweedw, ttc, lu^ single milled, the 
better kintls of material double milled, and the 
finest broadcloth trrbh? iidllcd — i.e., pa8S*'d once, 
r^twice, or thrice tkix>ugli the f idling mill. The 
beating or pressing is not exactly continuous. 
After being liammei-ed* or pressed between roUeiii, 
^bich answei-s the sttme purpose, for an hour or two, 
a stream of cold, clear water is idlowed to run over 
the web till it i^ free from soap ; then it is put back 
and re-beaten in the fulling machine, again taken 
o«t and rinsed, put back to punishment, and so 
on, till tlie process m completed. Before being 
miUed, a piece of broiidcloth is genei'alJy 3 yards 
wide and 63 yards in lengtb. When single milled, it 
will be found to have shi'unk to half its foniier 
width, and now measures not moi-e than 40 yanls 
in length ; and if double milled, or treble milled, 
tbe shrinking proccbs still goes on, though not to 
tbe same extent. 

Once " milled/' the cloth is taken to the tenter 
frame, which is simply composed of two long pieces 
of pine wood» or some substitute — such as an 
iron frame — kept equidistant from end to end, 
with iron spikes, or tenter books, driven into the 
pai'allel pieces of wood at equal distances. The 
clotli is hooked on to these spikes, so as to be 
tighty Htret<-hed, and a]lowe<:l to dry without wrink- 
ling. Were it not so *^tentered," some jx^rtions 
might felt more than othei's, according as the yam 
bad been more oi- less twisted ; but by being stretched 
like canvas on a frame, it diies evenly, and when 
taken off is of a uniform width, throughout The 
next operation is one of the most important in the 
whole process. It is called *^ teaseling." When the 
doth leaves the fulling mil], the snt'face has a 
bairy appearance, cAused by the ends of the wool 
protruding from the yam. These loose filaments 
have to be further torn out, so as to form the ** mip," 
and for this purpose tlie cloth is, so to a|>eak, curry- 
combed. The ** teasel '* is the ripe fruit of a cone- 
bearing plant, known to botanists by the name 
JHpaaeua /uUorum, The iruit is a conical btirr, 
with booked points bristling all over it, something 



like the prickles on ilie common thistle. These 
hooke*! points ai^ all curved in tlie same direction, 
from base to apc*x of the cone, which is usually 
about 2 inches long. The points lU'e strong, higldy 
|iolished, partially ehistic, and exactly fitted to teiis^ 
out the threiuis from the siirface of woollen mate- 
rials. Endeavours have been made to imitate I his 
natui-al )»i*oduct, but hitherti> without success, and 
the teasels in use now are very similar to those 
that have always been associated with the manu- 
facture of woollen cloth. The teasel is split, and 
fasteneil on fi-ames or cylinders, so as to present a 
unilbrm prickly surface. Over these ** s[>ines " the 
piece of cloth is drawn, till all the loose endB of 
thi\^ have bc^n torn out, and the mateiial looks 
like tlie shaggy coat of a wild pony. Thistles were 
used till the peculiaiities of the I/'tpaacnts wei^ dis- 
co veiled, and now that plant m grown with the 
greatest care, so as to get the most peifect burrs. 
Some makers, before teaseling the cloth, subject 
it to what is called **hand niising.'* This is doui^ 
witli stiff metallic bnishes, so as to induce the *' nap *' 
to come out, and pi^esent a i-ougher sm-face to the 
teasel. 

Sheaiing* cropping, or shaving Is the next pi*oc«^s8. 
When the cloth leaves tlie teasel, the nap is imeven 
— some threads long and otliei-s short; and the 
shearing is the means by which it is i^uced to 
a level velvety ]ule. Formerly, this was a very 
tedious and difficult opemtion, and a good **crop]M?r'' 
was in great request ; but as it is now accomplished 
by mechanical aid, the work is moi-e quickly and 
much better done. Tlie knives used ani flat steel 
discs, with keen edges, which work against a thin 
circular bar of the same metal, called a ** ledger 
blade.^' The sheaiing appaititus will lie fully ex- 
plained in its pixiper place, but it will give tlie 
reader a good idea of die chanict4^r of the tool to 
watch a good lawn-mower at work. In that im- 
plement the revolving cylinder is itted with pieces 
of steel set diagonally on the exterior surface of the 
cylinder, theii- edges stsmding out The cylinder 
being made to revolve rapidly, the toi^s of the blmleii 
of gi*as8 are cropped off evenly as tlie mower is 
pushed along. The cloth mower acts on the same 
principle, but, insteatl of l^eing a cylinder, is like a 
wheel, the steel knives being set round the ** tiiv^** 
to keep up the metaphor — or ** ledger blade," to 
sj>eak technically. The wheel is wider across than 
the cloth, and, as it rapidly revolves, the knives or 
steel discs spin round, and are pressed against tlie 
tire, thus shaving or mowing the end of the nap 
that is mised by a mechanical brush. This is done 
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to evenly that there sire no shear marks left, as on and it is ci'opped with a Lewis or other cuttii 
a lawn that has ju8t beeji raowed. The machine is machine. It is again wetted, raised^ and erupp 
called a *' di-esser," and has been perfected to such and ateam pressed, or put through a calender. 



:^r0 



a pitcli that *it riizos the nap close to 
the bcxly of the cloth* uniformly over 
the whole web, and witli such rapidity 
and certainty, as to be simply mar- 
vellous, yet without injuring the body 
of the material 

Having undergone all these opem- 
tiona, the cloth begins to assume the 
ttppcamnce with which we am all 
fa miliar, but the luoi'e costly fabrics 
are not yet i-eady for the market. The 
final process is calbnl *' histering " or 
•* decatting," and thi« is e!al)orate or 
BtmpJe^ accoitliug to the quality of tJie 
article. For meltons and pattern cloths^ ^^'* 
the process is com pu rati vely simple, aa 
for all matenalH to which a high 6niah 
is not necessary. The generally ajv 
pi-oved process m to wind th*,^ web 
tightly over an iron cylinder, care 
being taken that no wrinkles ai*e mad*? 
during maniptilation. A vat lille<l 
with hot water, which is kept at an 
equable temperatui^ of 160* to 180 t»aseu 

Fdir., is rea<ly, and the cloth and 
cyliniler ai'e allowiMl to steep tlieix* for six or 
eight hours, when they are taken out, dried on 
steam rollers, and ealenderetl By this means the 
cloth is thoroughly nhnuik, and the suifiu-e miule 
to wear that unilbnu lustrous appoaiimce which 
prevents it becoming ** imtchy ** when it assumes the 
form of a gar- 
ment. In some 
factor! t^f?, in- 
stead of bi:*ing 
soaked in 
water, tlie web 
is plaee<l in a 
stejitnin*^ box, 
and subjected 
to the action of 
va|Kiur. The 
efliH!t in either 
case is very 

RimilAr, bat some j prefer this plan on account of its 
rapidity ; others question whether it is so satisfae- 
t4:>ry an the oUler method. Tlie snf»erfine cloths go 
tbrotigh a more elaljonite oj>eration. After Winjr 
itramed or soaked, the web is taken out and dried, 
after which the nu]» is raised by a steiun brush, 
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is repeated three, four, or five time 
according to the degree of liniah de- 
siretl ; and in some ctuies even iia many 
as eight or ten times* Alter being 
carefully examined, burled, and diunn 
the second time, for any little defects, 
it is finally pressed between hot plates, 
rolled, and packed for delivery to thf? 
const imer. 

WoiTsted cloths are ti'eatefi very dif- 
ferently ; but the various processes 
employed in this branch will be ex- 
plained in a future chapter. Our 
endeavour has been to give the reiidi«r_ 
a general view of tlie various o]>oratiQ 
carried on in a cloth factory » 
intlieate in a rough way the chn 
of the machinery employed. Tl»e PH>re 
important classes of tine cloth are aa 
follows :— West of England Broatt 
cloth : Doeskins ; Cassimeres or K« 
sejTuei-es, which only differ from 
former in lightness of body, havia 
four threads insteail of seven in 
smd weft ; Sataras, the generic title ( 
all ribl>ed materials : Venetians, the ruime npplil 
to all twilled fabrics; 3Ieltons, wLich are 
but not clo.se cut as doeskins, and ap|>ear iitucli 
sjune on both sides ; Beavei-s. a kind of tiijit4«rial i 
which the nap is longer, being only |iared ai 
milled ; Deerskins, much like Venetians, but i 

lighter ij 

weighu aad 

woven with a 

weft of eqinl 

strength to th^ 

warp ; Diagiv 

nals, a iiani9 

applied to aB 

»itri[H»<] «r 

lojsenge 'Sihap^ 

palt«-ni» whw 

in the IkkIv 

the matianal • 

Bedfoi-d cord, a stout leathery mitterial of which cmr ' 

gnmd fathers had their breeches miide ; and T«v«U 

which are woven of medium wo<:»l, siijrhtly frlo-d. 

arul only pressed and dressed. R^nUly l)elouginc t'l 

this class of fabrics are the Irish Fi'ieTca. of wWl« 

the best ulsters are made, and thntse matrriala uvU^^ii 
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aro partly felted from mixed materials; but the latter 
daaa of goods will tind its proper place ujiflf^v the 
h^wl '* shoddy." Hampshire, Wiltdiire, Gloucester- 
shire, Kent, and Yorkshii-e are celebi-ated for theii* 
fin© cloths • Cumberland, Norwich, and the South 



of Scotland for the lighter materials ; and Scotland 
e^npriallv for tweeds; but in the district round 
-Leeds almost fdl classes of goods are now manu- 
factured, and here the maeliinery and appliances 
have grown to greatest perfection. 



mON AOT) STEEL.— Vni, 

THE BE8SEMEB PROCESS. 
By William Dixuaj* Scott-Moncribft, C.E.* 
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rr the methods employed for pi-oducing steel now 
universally known as the Bessemer pi'ocess, w*e 
come upon a new em in the history of the iixin 
tnde. Thesie disco venes, although based on piiu* 
cipl6S well known Uy scieiitifiLc mem, were on theii* 
first announcement held to be wholly iiicretlible by 
[jmctical imn mrimifactui-ei-s, who were acquainte<l 
with malleable uon on ft/ €i« a tiolid sub^tance^ which 
iXw highest heat of theii* most powerful furnaces 
nkerely sufticed to i-ender sufficiently soft to yield 
to the blows of the hammer; hence the proposal to 
coiiTert molten pig iran into fluid malleable iron, in 
a few minutes^ and witliout the consumption of 
additional fuel, was cousidei^tl an absolutely im- 
possible feat. It is to the genius and unwearied 
persevemnce of Mr. Bessemer that we owe the 
conibumtions of chemistry and mechanics which, 
long after they had overcome tlie obstacles of 
nature, obtaincfl a slower tind moi*e difEcult victory 
the piiejudices of habit Jind ignonince. He 
indebted to no one for liis facts — tlioy were 
the common projierty of every pnicticjil ironmaster; 
his conclusions were verilied by his own experi- 
ments. He has been accused of not acknowle<lging 
ice with sufficient generosity ; but when a 
is placed on the defensive against the assaults 
wealthy ti*ade ami a Hood of would-l>e inventors, 
one strugglbig to gjiin a secure foot-hold on 
bin invention by securing to themselves the exclu- 
sive right to some trifling but obviou.sly nf?cessar)^ 
detail, he b nurely the l>est judge as to whether he 
sliotild Itail such officious friends as real helps, or 
merely selfiBh obstructors, t No one can say that, 
if Mr* Bessemer had »uecumlie<l to the difficulties 
wluch surrounded him, any other man was aui^ of 

* My thanks are due to Sir H. Bessemer for hit kindness in 
reriitiit^ tXoB |m|i<.^r. 

f Tim ntofu^ji of Heary Cort uiid of Menth are a nuflSciGtit 
wamiJ)^ ti^atiat the iogeauoiui ncknowledgmtinta of mventon. 

as 




success. It is this position which entitles him to 
mnk among gin^at inventors. 

In order to enable the i^atler to understand tlie 
ndtofiale of the process, we cannot do lietter tlian 
I'efer to what was known j>i*t'vioas to tlie diKeoveries 
of Mr. Bessemer, and then sliow how he took 
advantage of that knowledge. Previous to his 
discoveries being made public, many of the facts 
which he made the fountlation of his invention 
w-ere thought of no importance. If a nail is tied to 
a cord, and the point heated to whiteness, it can be 
muide to bum in conimon air by being whirled 
roimd in a ciix'le. A ring of sparks is formed, 
which pix>vas that combustion is proceeding. In 
the manufactui'e of horsts-shoe nails tliis proct^s is 
carried on by means of a small pair of bellows, 
whieh force a jet of air U|>on the white-hot bar of 
ii^on that iH being hammered on the anvil. Mr. 
Bessemer was the fii-at to show tliat if air was 
forced, not n|»ou the surface merely, but into and 
amongst the particles of molten iron, the same sort 
of combustion took phice ; and tlie heat obtained in 
thLs way is moi-e intense than any that had been used 
previously, either in the blast furnace or the process 
of puddling. A \m\>er was communicateil to the 
Royal IriKh Acmleniy in 1862, by which it was 
atti^mpted to prove that the JajMineae adopted a 
similar method for the fusion of ii\>n 300 years 
ago; but thei^ was nothing in the description of 
Mandelslo, \\'hose naniitive was quoted, to show 
that the two were by any meiins identic*il. This 
attempt to (lisparfige ^Ir. Bessemer s invention 
shows how frtr jtmlousy will go afield when the 
object is tletmctioiL 

We must now ask the reader to go back to the 
eai'lier chapters ujx>n the blast furnace and the 
manufactui'e of malleable ii*on, in order to under- 
stand the fonnection between this up[»lication of air 
to molten iron and the ]»iih'i'h.s of decai'buiisation 
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which it brings about. It was there explained that 
when all impurities have been removed from iron, 
the only condition which is known to regulate its 
chaiucter is the admixture of carbon in diiierent 
degrees and imder different forms. Highly car- 
bonised iron comes from the blast furnace as a 
fluid) and is at once formed into pigs, which are 
used for the foundry, and for conversion, as already 
described, in the puddling furnace. The malleable 
iron which is obtained from this process is simply 
purified pig iron with the carbon removed, and 
this again is capable of being converted into 
various kinds of steel by being melted in ciTicibles 
and carbon added to it imder different conditions. 
It was also explained that the chemistry of decar- 
bunsation consisted in the practice of exposing the 
higlily-heated metal to the action of the air, when 
the carbon combines with the oxygen, for which it 
has a greater affinity than the iron. There are 
other combinations which take place in the puddling 
furnace between the oxides of ii*on and the carbon 
at high temperatures, but the principal agent for 
the removal of the carbon is the action of the 
oxygen obtained from the atmosphere. But in this, 
as in all previous processes, this decarburisation, by 
rendering the metal less fusible, results in a solidified 
mass, in which much scorise and other mechanically 
mixed impurities are combined. It is not quite 
clear from Mr. Bessemei'^s patents when the far- 
seeing deduction of combining the use of common 
air in the double purpose of increasing the tem- 
perature and removing the carbon at one operation, 
occurred to him. This is doubtless owing to the 
fSsict that a patentee frequently finds it necessary to 
secure his invention step by step to prevent im- 
portant facts from becoming known, and thus 
entrench himself on all sides against assault, by 
suggesting possible combinations which, if not the 
best suited for his purpose, would, if in possession 
of his rivals, be used against him. Thus the use 
of steam combined with air in the decarbiirising 
process, was jjatented by Mr. Bessemer with a full 
knowledge on his part that the use of steam by its 
decomposition tended to cool the metal, but the 
hydrogen thus set free always lessened the quantity 
of sulphur present in the metal, and being a useful 
combination might, if unclaimed by him, have left 
open a door through which his invention might 
have been invaded. A further patent of Mr. 
Bessemer's, obtained in 1856, makes it clear 
that he had arrived at a sound notion of the 
true theory ; for there he speaks of effecting the 
conversion of the pig iron ''by forcing into and 



among the particles of a mass of molten iron cur* 
rents of air or gaseous matter containing, or capable 
of evolving, sufficient oxygen to keep up the com- 
bustion of the carbon contained in the iron till the 
conversion is accomplished." Here we have a clear 
exposition of the idea of removing the carbon from 
the iron by the act of burning it with oxygen at a 
high temperature. In this patent, reference is 
made to the appliances specified in the previous 
patents, and taken in combination, there is a com- 
plete embodiment of the essential elements of ^ir. 
Bessemer's invention. It is one thing, however, to 
reach a point in practical investigations of this sort, 
when it is satisfactorily proved from experiment 
that certain things can be done, but a much mon 
arduous task to carry out the practice of the dis- 
covery in competition with existing methods of 
production. In the puddling furnace there are 
opportunities for manipulating the iron, and mixing 
it with silica, oxides of iron, and other ingredients, 
which are not possible in a great crucible c<mtain- 
ing a mass of molten iron such as is used in the 
Bessemer process. Even when the inventor had 
overcome the great practical difficulties in arranging 
the mechanism of his receiver so that it could be 
handled with precision, and the air turned on with- 
out the passages being choked by the pressure of the 
superincumbent mass, there remained much to be 
done, for it was found impossible to produce either 
malleable iron or steel of good quality from the 
inferior kinds of pig iron, and which fact led 
the great majority of iron-masters, and even 
scientific metallurgists, to predict that it would 
never take an important place among the great 
inventions of the iron trade. It was also pre- 
dicted that if the products of the process were of i 
superior quality, the price at which they could be 
produced would always remain excessive, lie 
reader may gather from all this how much un- 
wearied patience and perseverance were required 
on the part of Mr. Bessemer and his partner, Mr. 
Longsdon, to bring the invention to its present 
perfection. Inventors, like travellers in unknown 
regions, have to ascend with infinite £Eitigue tlie 
most arduous acclivities, and when most in tbe 
belief that the summit is attained, have often to 
make still harder efforts to surmount intervenin; 
obstructions. 

This has been particularly the case in the varioiff 
stages of Mr. Bessemer's invention, because the 
difficulties that presented themselves could not ha>t 
been predicted, and must have appeared as unex- 
pectedly as a fresh rising ground that has been 
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hiddlen fmai a traveller by an intervening hill. No 
sooner was the apparatus lirought to .sutticieiit per- 
fection to enable the workmen to I'emove the 
carbon, than they found that they had no means of 
knowing when it w^as time to stop the process, 
except by the ap{>eanince of the s|>arks and flame 
iiisuing from the ves.sel, and the.se mdi cat ions wem 
not sufficiently marke<l in all cases to enable the 
amount of decarburisation to be ascertained with 
perfect accumcy, Mr. Bessemer then resoi-ted to 
the expedient of measunng by a suitable indicitor 
the number of cubic feet of air passed through the 
metal, by wliich means the amount of decarbuma- 
tioii couJd be judged of with tolemble accumcy. In 
patent of October, 1855, another method of 
Jating the temper of the metal is descril>ed in 
tli^ee words: — **Tlie state of the metal may be 
tetod by dipping out a sample with a gniall kdfe^ 
as practised in refining copper. If too nmch 
I carbon ia retained, the blast may be continued for a 
short time, or a small quantity of scrap iron may 
be put into it; but if too much carlwn has been 
I ihiven oflT, an addition may l>o macle of some 
melt^ iron from the finery or cufiola funuice," 

This mode of recarburihing by the addition of 
molten pig iron was mo«t efiective, and w^as im- 
mediately followed by tlie very obvious practice of 
entirely deoirbunsing the metal, and then adding 
a known weight of melted pig iron, and thus 
producing steel of any desireil temper with the 
utmofst ceilainty, Some months Inter, Mr. Mushet, 
who is well known as a worker in the fields of 
I metal lui^cal discoTery, obtained a patent for the 
necarburisation of the converted metal by the eui- 
ployment of that piitlcuJar kind of pig iron known 
[as spiegeleisen. Mr, Musliet could not, however, 
I maintain his patent against Mr. Bessemer'a prior 
I claim to use pig iron generally. For thLs j>ur[>ose 
sfiiegeleisen hjis the jifhantage of containiog much 
manganese, a sulistanco which, since the discovc^r}' 
f of its use by Heath, some fifty years ago, has been 
regai'ded as a necessaiy element in the produc- 
I tion of the more nuJIeable descHptions of east 
Kteel. It was in tliis manner, and no doubt 
I after many fruitless expejTments, that a certainty 
I as to the prof^Msr amount of cartjon w^as obtainnL 
[Theiie were still many obstacles in the way of 
I finccessfdlly competing with the productions of 
I existing methods, and although the material that 
wjw produced by the Bessemer process was superior 
I to common malleable iron for many purposes, the 
price at which it could b*^ sold was still too high to 
I admit of its general adoption. One of the gi^^^itest 



difficulties pi'esented itself in the pT*esen<^ of 
phosphorus, which is sometimes an unobjectioutible 
element in castings, but I'endei's all kindb of steel 
and malleable iron so brittle as to be unfit to 
withstand the stiuins of tension that occur in almost 
every practical purpose to which they aiv applierl. It 
appears that the process of puddling is moi-e cjipable 
of eliminating phosphorus and sulj»hur than any 
direct process for removing cai^bou b)- the action of 
oxygen, and that the Bessemer procf*ss is at a dis- 
ailvantage in Uns i-espect. But it had already 
become appai^eut that the theoiy of the new method 
w^as too well estiiblished to admit of its being 
abandoned on account of the accident of foreign 
substances which wei^^ found in the argillact^ous or 
clay oi^s tliat had been liitherto chiefly used in the 
blast fiiniaces of this country, A passage occurs 
in one of the ablest lKX(ks that have ever l>een 
written on the subject of the mineralogy of ii'on 
and steel, Dr, Percy's, which is so apposite that we 
cannot do better tlum quote it. There is notliing 
tliat affords greater delight to minds intent uj^on 
scientific investigation than the clear and honest 
exposition of problems which remain unsolved, in 
dealing sti-ictly with the definite ctrt>dition of know- 
letlge at the time to which a writer refers, theix^ is 
the advantage of being connect even when the facts 
tire on the eve of new combinations which mate- 
rially aflect the insult. There is no writer who has 
more rigidly atlhered to scientific exactness than 
Dt\ Percy ; and whei^ he sometimes appeal's to be 
wanting in hopefulness, it i» only beoiuse he sees no 
clear way out of the difficulties that existed at the 
time he was writing. In a pajjer re^d before the 
Institution of Civil Engineers, by Mr. Beasemer, 
in 1S59, which has now become of historical interest 
in the reconls of the iixin tmde, the winter spoke as 
follows : — '* Why should it be attempted to stick 
dirty little gi*anules of ii^on together, and then to 
squeeze the impute mass, until it is so suiidl 'is to 
be useless, tm^til it is again fagotetl ti[) and im|ier- 
fectly united, and tlius for ever to multiply the 
defects which its fii-st treatment cnttdls?" 

This question refers to the piXKiess of |>uddling, and 
Dr. Percy replies to it as follows, writing in 1864 :— 
" There is a ready tuitl sufficient answer — viz., at 
present no alternative is known. Bessemer's pi^o- 
cess is powerless to convert ordinary kinds of pig 
iron into merchant iron of the least value ; whei\»aa, 
this is every day accomplished by the old and 
barbarous method of puddling. With the exception 
of certain varieties of i^l haematite, all our iron ores 
contain a sensible amount of phosphoric acid, of 
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which, practically, the whole of the phosphorus 
passes into the pig iron smelted from them. The 
proportion, however, raised of the former is small 
in comparison with that raised of the latter ; but it 
is only with pig iron practically free from phos- 
phorus, that Bessemer can deal satisfactorily, and 
such pig iron forms merely a fraction of the total 
produced in this country. It will be time enough 
for Mr. Bessemer to sneer at puddling when he can 
show how that laborious operation may be dispensed 
with. He has not yet done so." We cannot help 
regretting that such an eminent authority as Dr. 
Percy should have joined so far with those whose 
position has since proved to be wrong, because an 
element of sanguine sympathy might have been 
expected from him towards a system that had 
advanced so far in the direction of sound theory 
and practical experiment Yet, what Dr. Percy 
then said was quite true. He made no rash pre- 
dictions, and came to no unscientific conclusions. 
He was correct in stating that " Bessemer's process 
is powerless to convert ordinary kinds of pig iron 
into merchant iron of the least value," but the 
red haematite ores, which were then a fraction of 
what were raised in this country, have become of 
paramount impoi*tance. Dr. Percy failed to see in 
the new process an element of commercial power 
that attracted capital and changed the relative 
values of the mineral wealth of this and all other 
civilised countries. When it was discovered that 
only those ores were available for the Bessemer 
process which were free fi-om phosphorus, the spirit 
of inquiry was abroad. Vast fields of ore were 
opened in Cumberland and Lancashire that had 
been previously neglected. Blast furnaces were 
erected for producing the pig iron best suited for 
conversion under the new system. Trade sprang 
up with other countries that contained the ores 
that had so suddenly l)ecome enhanced in value. 
Steam ships were built of the dimensions best 
suited for conveying it. Towns were built in the 
centres of the new industiy, with a raj>idity only 
equalled by the mushroom creations of the western 
prairies of America. Capital flowed towards the 
fresh and tempting outlet for its profitable employ- 
ment ; fortunes were made, and within a few years 
tliis department of the iron trade had risen to a 
position of national importance. It is hardly 
necessary to add that Mr. Bessemer's position as a 
great inventor has been confirmed. 

In describing the process, we cannot do better 
than return to the papere read by Mr. Bessemer 
before blie Britisli Association and the Institution 



of Civil Engineers. The first of these was read at 
Cheltenham, in 1856, and as it was the first pab> 
lication of his invention in that form, excited an 
immense amount of interest. It was entitled ** On 
the Manufacture of Iron and Steel without FueL" 
Dr. Percy takes exception to this title, because, as 
he rightly observes, fuel was necessary both for the 
smelting of the ores, for the production of the pig 
iron, and also for the melting of the metal previous 
to its being conveyed into the converting vessel 
He then describes his first impressions on seeing 
the process in operation. From its interest as a 
contemporary record, we make no apology for 
giving it at length : — "Towards the end of 1856, 
I had the pleasure of seeing the process in opera- 
tion, at Baxter House, where Mr. Bessemer then 
resided, and I confess I never witnessed any me- 
tallurgical process more startling or impressiva 
After the blast was turned on, all proceeded quietly 
for a time, when a volcano-like eruption of flame 
and sparks suddenly occurred, and bright red-hoi 
scoriae or cinders were forcibly ejected, which would 
have inflicted serious injury on any unhappy by- 
standers whom they might perchance have struck. 
After a few minutes all was again tranquil, and the 
molten malleable iron was tapped o£ At first I 
doubted whether the metal which I saw flowing 
was actually malleable iron ; and after the analysis 
in my laboratory of a portion of this identical iron, 
and the detection in it of somewhat exceeding 1 per 
cent, of phosphorus, my scepticism was rather con- 
firmed than otherwise. However, I soon became 
convinced that Mr. Bessemer was correct in assert- 
ing that ne had succeeded by his process in pro- 
ducing a temperature higher than ever *bef<»e 
attained in metallurgical operations' — sufficient, 
indeed, to render malleable iron as liquid as water. 
The mass of metal in this case is not heated, as usual, 
from without, under comparatively unfavourable 
conditions, but active combustion takes place eveiy- 
where in the mass itself, under conditions the most 
favourable |x>ssible for the development of high 
tempei-atures. Mr. Bessemer was not the first to 
discover the fact that iron, when heated to a certain 
degree — say bright redness — might be raised to i 
much higher temperature by exposui*e to a blast of 
cold air, the additional heat resulting from the 
rapid oxidation of the metal. We have seen that 
the nailers in some localities use a blast expresalj 
with this object. Now, if solid iron could bo thiw 
heated, the same result might reasonably have been 
predicted with i-espect to molten pig iron ; but I 
am not aware that it ever was, or if it hail been. 
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it was never applied." Tliis description will convey 
to the mind of the i-eader Kom© idea of th^ manner 
in which the chemi^tiy of the Bessemer pixjcesa is 
<airned on* In an oi-dtnajy lire, such as thiit which 
is Vised for warming our houses, in grates or stoves, 
the temperature is so low conipai'ed with the heat 
of molten ii-on, that the hiiniing of the carbon — 
which goes on hy the passage of the air with its 
oxygen over the red-hot coals — is as nothing com- 
pared to the somewhat similar process of combustion 
in the Bessemer converting vesBei, but the analogy 
is so close that it forms an illustration. Just se the 
ooal is comiumed in the one case with a great disen- 
gagement of heat^ so the cai-bon disappears under 
similar conditions of comliustion in the other. 
When it is explaineil that the vessels containing 
the iron which is raised to this excessive tempera- 
ture are made of iron, and require to lie moved 
about with precision, it wEl be undei-stood how 
many expedients must be adopted to prevent them 
from l>eing wari>ed or destroyed. ThiB is done by 
covering tlie interior with a tlilck lining of iinmelt- 
ftble materials, such as tliose emj)loyed in the Ijulles 
used for conveyiiag melted iron in foundries* The 
converting vessels lire shaped in such a way that 
wjien they are swung into a honzontal position upon 
trunnions, like a ciiiMion, the mouth projects up- 
wards at an angle of about ■45'*, so tliat the molten 
pig iron can be jwiuTd into them. At the same 
tiine^ aa long oh tbe '' converter" is in this position, 
the bottom, which is ptM-fonited with holej* for the 
admission of the blast, is uncovered by the molten 
contents. As soon as the blast is turned on, how- 
ever, the vessel is tilted into a pt'i'i>endicular jiosi- 
tion, and then the air goes thiougb the seething 
iron. In Mr, Bessemer*s own wonla, tlie ]>i'Oce8S is 
4hen ** brought into full activity, and small though 
powerful jeta of air spiiiig upward thiough the 
fluid mom. The air, expanding in volume, divides 
ilNelf into globuleii, or bursts violently upwards, 
carrying with it some hundred- weight of fluid metal, 
which again falls into tbe boiling mass l>elow. 
Every fiail of tbe apparatus trembles wnder the 
violent agi tuition thus protluced ; a lYjaring flame 
ntahes from the moMth of the vessel ; and as the 
proee«8 ad^'ances it change.^ its violet colour to 



orange, and finally to a vokmainous, pure-white 
flame. The sj^arks, which at first wet^ large, like 
those of oi*dijiary foundiy iron, change to small 
hissing points, and these graitually ^ve way to 
specks of soft hluish light, as the state of malle4bible 
iron is appmached." The blowing goes on for a jKsriod 
varying fiom ten to tiji^nty minutes, according to 
the nature of the pig iron which is l>eing converted, 
and when the carbon lias been sufficiently i^moved 
by its combustion with the blast of air, the vessel 
is again turned upon its side to i^ceive the charge 
of molten spiegeleisen already refeiTed to. It is 
then turned to a peqjentlicular position, and the 
blast renewed so as to thoroughly incoiiKirate the 
mixture, and then it is j^K>ured, first into a large 
ladie, and from that again into moulds, where it 
cools into the ingots, which are hatiimemd and 
rolletl in the same manner as the ■ * bloomB " of the 
puddling fuiTtace. (See Frontispiece.) 

In conclusion, it may be state^l that by means of 
the Bessemer process the cost of tough homogeneous 
cast steel hafj btsen so greatly i*educed as to wo- 
iiomically admit of its use for all constructive pur- 
poses. As an example of its refJuced cost, it may 
be stated that prior to Mr. Bessemer's invention 
we have no record of a Imr of cast steel of any 
form {weighing as mueli as an onliiuuy railway 
bar) having been sold at so low a cost as £40 |>er 
ton, while at the present time many thouwind tons 
have l>een sold at or below .£6 per ton. Tlie whole 
quantity of nteel nianu Pictured m England imme- 
diately prior to tbe introduction of the Bessemer 
pfrooQBS did not exceed 51,000 tons annually, while 
of Bessemer steel alone no less tban 7-^0,600 tons 
were minli" in the yeai' 1877 in England alone, 
of which 234,000 tons were expoi-ted in the form 
of mils, having a declai*ed value of £1,926,714, 
During the year 1877 there were also manufactui^ 
in the Uiiited States 525,996 tons; in Germany, 
242,201 tons; in Belgium, 71,758 tons; in Sweden, 
21,789 tons; and in Fi-ance, 261,874 tons, making 
a total in these six countries of 1,874,278 tons, 
whitdi in the various forms of rails, tyi*es, cranks, 
plates, bars, rods, <kc., may lie fairly estimated at 
a net value of no less a sum than £20,000,000 
sterling. 
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TOOL MAKING AND TOOL USING. 
By H. R. Fox Bourne. 



" IVT^^ ^ * tool-using animal Weak in him- 
jJIjL self, and of small stature, he stands on a 
basis, at most for the flattest-soled, of some half 
square foot, insecurely enough ; has to straddle out 
his legs, lest the very wind supplant him. Feeblest 
of bipeds ! Three quintals are a crushing load for 
him; the steer of the meadow tosses him aloft, 
like a waste i-ag. Nevertheless, he can use tools, 
can devise tools. With these the granite mountain 
melts into light dust before him ; he kneads glow- 
ing ii'on as if it were soft paste ; seas are his smooth 
highway, winds and fire his unwearying steeds. 
Nowhere do you find him without tools; without 
tools, he is nothing ; with tools, he is all." So says 
Herr Teufelsdrockh, Mr. Carlyle*s spokesman in 
"Sartor Resartus," and the words, which might 
serve as text for an essay on the whole history of 
civilisation, aptly indicate the supreme importance 
to individuals and nations alike, in their competi- 
tion with one another, of skill in the making and 
using of tools. The term may fairly be employed, 
if in a narrower sense than Mr. Carlyle's, in one 
broad enough to include all instruments designed 
for the manufacture and perfecting of all sorts of 
commodities which men find it convenient to have 
for their use or enjoyment. If articles with which 
still, as in times gone by, the carpenter converts a 
plank of wood into a box, or the gardener digs the 
soil, or the seamstress fashions a dress, are tools, 
so also are the gi-eat sawing mills and steam ham- 
mers, the huge ploughs and reaping machines, the 
complicated apparatus by which cotton, woollen 
and other textile fabrics are spun and woven and 
prepared for the market, and the steam engines and 
similar agencies whereby these and a thousand 
other operations are performed in modem times. 
" What I sell here, sir," old Matthew Boulton said 
to Boswell when he was showing him over his 
establishment at Soho, "is power." It is to this 
stupendous addition of the power gained by 
mechanical appliances to the best that mere hand 
labour can do, that the great revolution in the 
uiateiial condition of society, which has taken place 
during the past few generations, must be in a large 
measure attributed ; and the success of our own 
country' hei-ein is a main cause of its industrial 
Kuj)i'emacy over so many other nations. Reserving 
for future pai>ei-8 such details as it may be well 



to give concerning English enterprise and the 
foreign rivalry with which it is met in special 
trades, we may in this chapter take some account 
of the more general aspects of the question. 

Modern tools or manufacturing appliances being 
so largely composed of metal, and especially of iron 
or steel, the advantages possessed by England in 
this respect, to which reference has already been 
made, have naturally contributed to its eminence 
as a tool-producing nation. The persons who put 
to good use the physical resources of the country, 
however, must not be forgotten ; and, if we have 
reason to remember our men of genius with pride 
and gratitude, the honour due from us to those 
other men — hardly to be credited with the special 
endowment of genius — ^who leagued with them in 
elaborating and reducing to practical shape their 
brilliant conceptions, is certainly not less. It may 
have been little more than a fortunate accident 
that James Watt, the inventor of the steam engine, 
came from Glasgow; it was something more than 
an accident that he found in Matthew Boulton, of 
Birmingham, a colleague able to develop the inven- 
tion into the gi*eatest mechanical boon that has ever 
been given to the world. Other men, foreigners 
as well as countrymen of Watt's, had very nearly 
anticipated his scientific triumph. He himself, 
like Columbus with the New World in his brain, 
might have wandei'ed from country to country, 
vainly seeking an opportunity of turning his well- 
grounded fancy into a reality, had not Boulton 
been willing to risk everything in the service of 
his friend, of himself, and of mankind. Though 
England has been blessed with many of them, men 
of genius like Watt are of no special nationality. 
Meteors rather than sims, they are of small avail 
unless the light they are prepared to give can be 
caught hold of, so to say, and made use of. It is in 
being able to produce such practical men as Boulton 
— ^intelligent enough to apprehend the teaching 
of the men of genius, and patient and energetic 
enough to give it due effect — ^that England is 
particularly favoured; and there was a goodly 
number of them in our country a century or so 
ago. They saw what uses could be made of the 
scientific discoveries and improvements offered to 
them. They saw also what uses could be made, by 
application of the new inventions, of the nv 
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m&teria] lying idle around them, or luilf-liidden 
imdei^ground ; and tJiey knew how to utilbe tliQ 
capacities of the labouring population in their 
midst, Wedgwootl and otliers in Boulton^a own 
day. Peel and others a little lati?r, wei^e of that 
stamp. By their shrewdness and enterprise, Eng- 
land has been immeasurably enriched ; and if it 
ot ho}^. always to enjoy tlie Kuprenu»cy they 

Iped it to win as a tool-making nation, its 
people may console themselves by reflecting that 
what is loss to them is gain to the inhabitants of 
other lands. 

Our country, of com-se, would not have pif> 
diiced so uumy great manniacturera^ — ^" iron kings," 
according to tJie temi applied by Boswell to 
Boulton — had not the material out of wliich such 
men ai'e made been common among its working 
l^eople. That it shoidd still bo so is a national 
advantiige worth noting. It is often complained that 
English workmen are more tliHicwJt to deal with tlian 
foreignei's ; that in insisting ujwjn moi'c fevounible 
conditions for themselves than Germans, Frenchmen, 
or Belgians lue content with, they render their work 
almost too costly to he protltsible ; and moreover 
that their inde|iendence of chai'acter^ their stubborn- 
ness, and even their foolhardiness, seriously inter- 
fere with theii- value as agents of men competent 
to direct them. There is some truth in such com- 
plaints ; but the indnstriaJ greatness of England is 
not a little dae to the tentlencies that mx? apt to 
IfTow into these faults. An English workman 
refuses to be a slave. Before his apprenticeship is 
OTer, he has pi-obably resolved that, if lie can, he 
will be a master in time. Of course, only a few 
out of the multitude can realise this amliition ; but 
those who succeed form the majority of our em- 
ployers of lahotir ; and thcee who fail still, by their 
earnest and honest desire to improve their condition, 
give a dignity to lalxjur which it would not other- 
wiae pofisesa Foi*eign nations send us plenty of mer- 
chants, Unanciers, and the like— families as famous 
as the Rothschilds, the Bsirings, and the t'fold- 
ffmicls ; but it is very mre for them to supply us 
with such a prince among manufiicturers aa Henry 
Bolckow, the founder of the Cleveland iron trade, 
who died in Jimo, 1878. On the other hand, it is 
to the enterprise of Englishfnen and Scotsmen that 
a very large number of the great concei-ns on the 
Continent owe their origin. The example set by 
the Cockerills in starti ig the first iron works at 
Li^ge has been imitated, more or less successfully, 
tames without number. Recently^ and especially 
in such newly-ojiened manufacturing districts as 




those of Austria and Italy, this fashion has been mo* 
ditied by the formation of what are really branches 
of English establishments — English capital, English 
management, and sometimes English labour^ being 
employed in working up, under more favourable 
conditions than exist at home, the tools and ma- 
chines required abroad. 

With the improvements that arc being continually 
effected in niixles of transiwrt, l^jth by land and 
by sea, it must be exi>ected that England will lose 
more and more of the advantages it formerly had 
over foreign coim tries in tool making and tool sell- 
ing. It is still found convenient that the great 
manufacturing establishments should be placed as 
near as ix>8sible to the ooal and ii'on mines whose 
produce is chiefly used in tiieir operations ; and, a« 
increasing competition rendei*s it necc*ssary that 
eveiy sort of economy should be practised, this 
arrangement will doulttless be geneiully main- 
tained ; but it is by no means so essential as it once 
was, and in some respects cii'cumstances are favour- 
ing a complete change in the method of procedum. 
In many cases, the materials of which the tools 
are made, and those which they are to help in 
manufacturing, are A^ddely apart ; and England has 
hitherto profited immensely by the fact that^ l>eing 
well supplied with the former, it has luid the latter 
brought to it in large quantities. Of this, cotton 
furnishes a not^ible illusti-sition. From the United 
States a far larger supply of the fibre is now 
obtained than from all the rest of the world put 
together. The United States is also as rich as 
Great Britain in the minerals necessary to cotton 
manufacture. Until lately, however, nearly all the 
cotton produced in America has l>een sent to this 
country in order to be wixiught into clothing, the 
wants of even the Ameriauis themselves being 
chiefly met by the re-tranamission of thtur own cotton 
in a manufactured state. This an-angement was 
manifestly advantageous while their country was very 
sparsely peojiled and devoted almost exclusively to 
agiiculture ; but now the tables are being turned, and 
there seems little need for the desj>erate protectionist 
policy they are adopting in order not only to esti; 
blish among themselves suflicient cotton factories 
to supply all the wants of tlie j^eople, but also to 
construct those factories vnih native ii'on, and by 
native, or, at any rate, natirnilised labour. As 
regards other countries and other bmnches of trade, 
numlierless instances might be adduced to show how 
England, from enjoying almost it monopoly as 
regards certain lines of enterprise, in tool making 
and in tool using, is now in some danger — perhaps 
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not yet very urgent or overwhelming — of losing its 
pre-eminence. When the new tide of manufacturing 
energy began, about a century ago, our country 
was especially favoured in possessing both the 
materials and the skill for making tools. It had 
also the skill to use them, and on these various 
grounds immense quantities of raw produce of all 
sorts were attracted hither in order to be manu- 
flEictured for all the world. Thereby we have been 
vastly and permanently enriched ; but during these 
hundred years we have been teaching, and by our 
example encouraging, the people of other coimtries — 
according to their opportunities and talents — first to 
use as skilfully as ourselves the tools we have made 
for them, and then even to make for themselves as 
good tools as we can provide them with. 

In so far as this change is beneficial to the world 
at large, honest Englishmen have no reason to 
grumble at it. Nor need they even be seriously 
alarmed. As long as our people are intelligent and 
hard-working, they have nothing to fear from the 
worst crisis tliat can result from natural and legiti- 
mate causes. If tools of any sort can be produced 
and used better and more cheaply in other countries 
than in our own, it is to our own advantage no less 
than to that of the foreigners that they should be so 
produced and used. If they help to advance our 
neighbours in wealth and civilisation, that advance 
will beget in them new wants, in providing for 
which it should be our prerogative to take the 
lead. Capital, using the term in its widest and 
truest sense, is, in combination with natural 
agents, the material basis of all manufacturing 
and mercantile enterprise, and, in the long run, it 
is as certain to seek the places where it has most 
chance of growing, as is the plant to lean towards 
the sunlight It carries with it, too, all that 
human energy can furnish towards supplementing 
and utilising the proffered gifts of Nature. English 
capital, however much of it may be squandered and 
perverted, however unfairly it may be portioned 
out among individuals, is a national possession 
which, being greater than that of any other nation, 
gives td the whole country an advantage over all 
others. At present it is being largely applied in 
benefiting other countries, in some respects 
apparently to our own detriment As regards in- 
dividuals and special trades, the detriment may be 
not only apparent, but real. But it is in the power 
of the iKJople — not only those who handle most of 
its gold, but also tliose who 8ui)ply most of its nerve 
and muKcle, which are more i>otent than gold — to 
employ the national wealth in such ways as will 



maintain and augment the nation's happiness. ' If 
any of the old ways are becoming out of date and 
unproductive, new ways will have to be found and 
bravely followed. 

At the same time, though economical laws cannot 
be overturned, they can be temporarily interfered 
with to such an extent as to cause serious mischief; 
and here it may be well to note, out of many dangers 
in the way of England's steady progress as a tool- 
manufacturing nation, the two which are just now 
the most prominent For one, the English people, 
or large sections of them, are chiefly responsible; 
In respect of the other, they have to suffer mainly 
through the ignorance and folly of their foreign 
rivals. 

It is one of the glories of England that it has 
inaugurated and persistently adhered to the policy 
of Free Trade. Its faith in the wisdom of that policy 
is just now l)eing severely tried. There can be no 
doubt that much inconvenience is at present being 
caused in many quarters by the partial failure of 
the hopes built on the exploits of Mr. Cobden, Mr. 
Gladstone, and othei's, in 1860 and afterwards, in 
removing niunerous hindrances to trade by an 
altogether new system of commercial treaties. The 
Anglo-French ti'eaty, and others that quickly fol- 
lowed it, gave promise that the principle only 
partially enforced in them would soon be fully 
recognised. Instead of that, we find that in several 
foreign countries there has been a lamentable 
revival of protectionist theories. This is, perhaps, 
hardly to be wondered at, when we consider 
what showy arguments can be drawn by foreign 
sophists from the protectionist precedents of our 
own country, and from the ephemeral advantages 
among themselves to which they are able to 
point as resulting from the adoption of their views. 
It cannot be denied, for example, that the pre- 
sent generation of Austrian manufacturers will 
derive some immediate gain by forcing their 
Hungarian fellow-subjects to buy from them the 
costly and ill-constructed ploughs and other im- 
plements required in their agricultural pursuitts 
instead of obtaining cheaper and better articles 
from England, as they might do were there no 
restrictive tariff. By this arrangement, however, 
the Austrian manufacturer's gain merely hinden 
him from profiting as he might by competition with 
more exi)erienced makers, while both the Hungarian 
and tlie Englishman are wantonly injured. The 
same short-sighted policy is upheld, though with 
fewer political complications, in Italy, Germany, and 
even France ; and the folly is most preposteroualj 
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maiiitained in the XJniteil States. Exorbitiuit 
tariffs acid enormously to the cost of nearly ail 
American productions, with dli^ect injury to 
the piirehasfi-8, and with bunefit to the pixHhicei-a 
only so long as they do not need to obtain fi'oin 
foreign markets tJte goods that are not manufac- 
tured in their own country, or iis they are not 
purchasers of the protected couimoiUties in their 
own. 

The other danger to be here refen-ed to in one 
more comphcated and far less e^vay of removal. 
Tlie imiifiralleletl succ^pss of nearly all dejjartments 
of English maniifactui*e which culmLnateil in 1872 
lias not been altogether advantageous to the country. 
The working classes — who on the whole certiiiiily 
obtained no more tlian their fair share of the 
exceptional profit on the tiiiiisactions of that 
time — cmi hardly be blamed for stoutly and sullcidy 
objecting to the reductions of wjigea since insisted 
on by their employei-s. How much justice tliere is 
in their complaints, and, on the other hand, what 
warrant the employere have for asserting tlmt their 
btisineases camiot Ikb carried on without the jire- 
scribed reductiotiii, it would be out of place to discuss 
here. It is only too evident, however, that the dis- 
putes between masters and men- — which have be- 
come far too plentiful— are very disastrous to the 
country. It is also evident tliat, iu demanding 
higher wages than are given for tlio a;ime amount 
of laliour in foreign workshops, the EnglLsh ai^ti- 
threatea seriously to embaniiss the prospects 
PWr trada Belgium Ls not the only country that 
is now com|jeting with England in some of the 
tiudiug occupations in which it formerly excelled; 
bnt the remarks of Mr. Lumley, one of our Secre* 
tarie« of Legation at Bmssels, in his refjort on the 
ti»mmcrceand industries of Belgium, dnted January, 
1878, fairly illustrate the usual opinion of the 
capitalist classes as to the present state of affairs. 
After pointing out other circumstances that have 



sjived Belgian ii*on maniifiictui'era from the actual 
ruin that has befallen some of theii* English nvals, 
Mr. Lumley attaches special itujjortance to tlie 
lowness of the wage r:ite fur wliich they have to 
l«rovide. ** Wjiges of skilled hd>our/' he says, *' whieli 
in 1872 stood at 11 fiuncs, had fallen in 1876 to 
5 francs, luid are now stiinding at I fnmcs. At 
4: fnmcs, or 3s. 4d, a day, it is dirticidt fur an 
English workman to live and 8U|i|Kjrt a wife and 
family ; bnt business wMl never dourish unless 
niiistera can lind a sufficient inducement to invest 
capit^iL This the Belgian workmen, with their 
better education, have the good sense to see, and, 
as a rule, they accept work at such rates as they 
can obt4iin. It must be borne in luind, too» that 
the Belgian workman's day is of 12 hom^-. lli.^ 
works from sbc in the iiioming tilt six in the even- 
ing, time being given for meals, and he works sLx 
days a week. Thei^ is thus a saving on every 
element that entf^rs into the cost of ia\)d action ; 
and tiie Belgian manufacturer is enabh'd to buy 
pig ii'Ofi in England, pay for freight, and deliver 
that same iron manufactmml iuto beiims and gir-deis 
in the most ctntnil [lartKS of PIngland, or even in 
the heart of the iron districts, at a lower price than 
it cmi he made for by English firms on the spot." 
The English woi^kiug man might tliink it l>etter t^ 
starve than to submit to such cumlitjons of lift^ ils 
ai'e imposed on the Belgians ; and hi:? may, if he 
chooses, i[UOte tlje authority of politicJil economists, 
from Ricaitlo downwarils, fur holding that the 
wage lute, measui*etl by the cost of living and the 
essentials of comfort, is a much less variabk^ 
element in the pmbleiu at issue than the rate ot 
interest on pi-ofit insLstod upon by capitalists If 
English tool making is in danger from the enter- 
prise of other countries, it may be to a gi'eat extent 
because in those other countries capitalistj* ai"*^ 
satisfied with much smaller returns for their in- 
vestments than in Enghmd. 



COTTON, — VIII. 

By Daviu BaEMNEH, AcTHoa of •* Thk iNmrsTRiM of Scotlaj*!*,** 



ARKWEIGHT'R carding engine in its first 
fonn accomplished its work in a fairly satis- 
fiwrtory manner, but until it was sup|ilied with the 
continuous fee<l find delivery apparatus its ntOity 
vras much restricted. It consisted of a cylinder 

33 



covered with Cai-ils, over which were phiced a 
number of nanx)w Ixwutls covei*ed in the sjiine way. 
The caitls on the Waixls — or ** fiats,*' as they came 
to be calletl — were jdaced close down to those on 
the cylinder, and the cotton w^aa dist»ntjuigled by 
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being di*awn by the cards on the cylinder against 
the stationary cards on the " flats." The wool was 
fed in by hand between fluted rollers, and when 
sufficiently canled, the machine was stopped, and 
tlie wool removed with hand cards. The first im- 
provement in the machine at this stage was the 
addition of a card-covei^ed i-oller of smaller diameter 
than the cylinder. This carried the carding to a 
higher degree of perfection, and as the action of 
the roller cleared the cylinder of its wool, it was 
calle<l the "doffer.** When the doffer became 
sufficiently loaded, the machine was stopped as 
before, and the wool removed. These stoppages 
entailed gi-eat loss of time ; but the work of im- 
provement, once having been started, was speedily 
can-ied to a successful issue. Arkwright, as stated 
in a previous chapter, devised a mode of feeding 
the carding engine and taking off the wool in a 
continuous manner. The mechanical carder wsis 
now a matter of fact, and was capable of being 
worked by water or steam. For nearly half a 
century, the machine underwent no change. 
Usually the wool was carded twice, as it still is 
for the higher counts of yam — the first time on 
the " breaker carding engine," and the second time 
on the " finisher," the latter being fm-nished with 
finer cards than the former. The machines were 
fed with laps made on the scutcher, and delivered 
the wool in the form of a sliver or soft ribbon, 
which was received in tall tin cans. 

As the cotton manufacture extended, and the 
demands upon the producing appliances increased, 
the possibility of making the cai-ding engine more 
expeditious in its oi)eration received some con- 
sidei^tion. It was also thought desirable that 
the waste entailed by the machines then in use 
should be reduced, and that some mechanical mode 
of cleaning the cai*ds should be discovered. Tlie 
flats had to be " stripped " at intervals — that is, 
they had to be taken off the machine, and the 
tangled tufts of wool which they picked from the 
mass combed out by means of a hand card. At 
less frequent intei-vals the cards on the cylinder 
and doffer had to be similarly cleaned. Occasion- 
ally, also, the |K)ints of the cai-ds had to be sharpened. 
These opemtions required to be carefully done by 
skilled workmen. It was difficult, however, to 
get the stripi)ers and grinders to do theii* work 
satisfactorily. The occupation was an unhealthy 
one, owing to the dust which was inhaled ; and 
the men engaged in it were too often indifferent 
to the interests of their employers. At first 
sight, the problem of mechanical stripping seemed 



hopeless ; but the inventive genius of the country 
which had done so much already for the cotton 
manufacture, did not shrink from attempting to 
solve it. Mr. Alexander Buchanan, a partner in 
the firm of Messrs. Finlay and Co., Catrine Mills, 
Ayrshire, was the first patentee of a mechanical 
stripper. This was in 1823. His apparatus dis- 
played great ingenuity, and the principle of it is 
retained in some of the most approved machines 
of this day. The flats were so mounted as to 
admit of their being raised singly from their 
positions, and both ends of each were furnished 
with studs, on which a i*adial arm, working on each 
end of the main cylinder axle, acted so as to raise 
the flats in succession, and present them to the 
action of a revolving brush, which cleaned them 
thoroughly. The appai-atus was perfectly automatic, 
and its action was regarded with much admiration, 
as it raised the flat, turned it over, held it to the 
brush, and then restored it to its place. The brush 
was cleaned by means ofa self-acting comb, and finally 
the knotted fibres were removed from the latter 
by a slip of copper, and deposited in a receptacle 
conveniently placed. Though the merits of ^Ir. 
Buchanan's invention were generally recognised, it 
was not adopted by many spinners. The cost of 
fitting it to the existing machines was consider- 
able, and, besides, the work-people were 8tix>ngly 
averse to its adoption. About the year 1834, 
Mr. James Smith, managing partner of the Dean- 
ston Cotton Works, Scotland, visited Manchester 
to introduce to the notice of the manufacturers 
of that city a self-stripping carding engine, ami 
also a self-acting spinning-mule. Both inventions 
were favourably received. The caixiing engine prf^ 
sented several novel features. The main cylinder 
was of larger dimensions than usual, and was placed 
high in the framing, in order to make room beneath 
for two sets of feed and delivery apparatus. Tlie 
wool was supplied to the cylinder at two points, in 
very thin films, and thus its more complete dis- 
persion over the cards was secured. The chief 
novelty, however, was the arranging of the flats 
on a i>air of endless chains, which travelled over 
the upper section of the cylinder. The chains 
passed over three small rollers, and the flats were 
guided to their proi)er distance from the cylinder 
by grooved plates, in which their ends were made 
to slide. A slow motion was given to the chains, 
and as the flats passed from the cylinder they 
were of course turned face up, and in that poeitioii 
were strii>ped by a revolving brush, which was in 
turn cleaned in the same way aa the brush in 
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Mr. Bucbanan*s machiae. It is a coincideiace wortli 
mentianing, that when Mr. Smith appeared in 
MancKester witk his invent ion«, Mr. Evan Leigli, a 
well-known mechanician of that city^ was engag^^d 
in working ont an idea for the construction of a 
self -strip] ling carding engine on nearly the same 
plan as Mr. Smith's machuie. When Mr, Smith's 
patent had run out, ilr. Lt*igli reverted to the 
subject of self stripping cardei^ and in 1850 
and 1852 obtained patents for machines which 
showed a mai'ked improvement on Mr. Smith's. 
In sul-isequent ye^rs he efl'ected fuilher amend- 
ments, and now his cai'ding engine h in extensive 
use. The general principles of this and other 
varieties of carding machines are the same as 
Uioae laid down by the earliei" inventoi-s, the 
only diflerence being in points of detiul which 
give greater completeness te the mechanism. Most 
makers of cotton raachineiy have some specialty 
or other in their carders, and iu a genei-al way 
these have something to commend them. 

Several inventors have endeavoured to get rid of 
the flats by introtlucing small ixjllei^s covei'ed with 
cards, and made to revolve at a higher velocity than 
the main cylinder against which they worked. Foi- 
keeping these small rollers clean, *' dirt rollers *' 
were attached to the machine and were constantly 
engaged in stripping out the knots and other waste. 
This system was found to answer fairly w^ell in 
dealing with infeiior qualities of cotton ; but it 
destroyed the long and fine filn'e. Consequently it 
into only limited use. The most approved 
now employed^ howevei^, are constnicted 
on the comjiosite principle, and have seveml small 
carding roUei-s in addition to the flata The 
engraving on the next page represents one of tJie 
latest forms of carding engine of this class, as shown 
at the Paris Exhiljition of 1878, by Messi's. Dobson 
and Bm^low, of Bolton. To those who are familiar 
with cotton machinery tlds carder needs little 
description to make its s[>ecial points apparent ; but 
for the benefit of those of our readei-s who have not 
that advantage, and yet may desiie to have some 
idea of the construction and ojieration of the 
madiine, we shall briefly describe it As aliown in 
the engraving, the machine occupies a diagoD£d 
portion, and consequently one side and one end are 
exposed to new. The side seen is that where the 
working part of the stripping apijai-atys is phteed, 
and the end is that at which the cotton, after being 
carded, passes from the nuiclune. Beginning at the 
rear end, tJie fii'st tiling to be noticed is a pixyecting 
shoulder on each side of the fmme, having slitfi into 



which the ends of the axle holding a roll of lapped 
cotton am placed. The lap ia led on to a metal 
l»late ]>eculiarly ciu'ved at its inner edge, antl 
between this plate and a fluted i*oller the cotton is 
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slowly drawn in, ajad pi^senteil to a roller co'veiTcl 
with ciu*ding of a special kind. This roller, which 
is inclies in diameter, is calletl the " tjiker-in," 
and it« duty is to ptul the fibi*es fi*om the gras]* of 
the flutetl roller and jilatej and ti*ansfer them to the 
carding cylinder in an approximately even layer. 
Alxjve the taker-in, and iji contact with the main 
cyUnder, there ai*e two cabling rollei^, 6 inches 
in diameter J and connected with each of these 
is a clearing ix>ller, 4 inches in diameter. These 
rollers, acting in conjunction w*ith the cards on 
the cylinder, and moving at a mucli slower late, 
comb the wool out again and again ; ami as tlie 
fibi-es are disentaugk'd to a considerable extent 
they are carried by the cylinder to tlie flat.s wliich 
occupy the upper part of the machine. The 
flats, l>eing stationary, seize all entanglements and 
hold them until the cylinder cai-ds have oi)ened 
them up. When the cylinder passes the flats, it is 
covered with an even fleece of wool fi*ee from knots 
or- specks. This fleece is removed from it bj the 
dolhng cylinder, which is in turn relieved of itii 
load by the cnuik-and-coinb anungement fdi^eaiiy 
alluded to as having been inv(Mited by Arkwriglit. 
The comb is a thin bar of st<^el, one edge of which 
is serrated. It is mounted on a crank which gives 
it an exceedingly rajnd vibratory motion— so mpid, 
iudeed, that, in order to | ire vent the healing and 
wear of the working jmrts, they are now inclosed 
in chambei-s filled with oil. The comb is pi^essed 
down on the wii^es of the dofll'r, and as the latter 
revolves the cotton is stripped from it and 
passes in an unbroken fleece to a fuimel, wdieie it 
is gathered together ius in one's hand, and ixnlueed 
to the fonn of a soft untwisted mpe or sliver, wldcb 
is received in a ttdl metal can, the stand for which 
is seen near tlie end of the macliine. The stri[»[iing 
api>aratiis next claims attention ] but no description 
can convey anything like an idea of its ingenious 
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form m\tl mmle of working. It is an a^laptation of 
tho prineiplp of stnpping invent^fl a noinhpr of years 
Ago hy an Amenean nameil Wellman. On cither 
end of tlie main cvliiKler fudo a strong beam of iron 
1R eentrocU The tq^jM^rai-m of this hpnm carrier tlje 
ftjiparatiis for raising and stripping the flat^, and the 
lower bears a conntorweiglit. If we stippose the 
niaehine to-stnrt from tlie ix>Ritir>n in which it is 
shown, what wonld tjike place wonld he tliis : — The 
8tn[»|*ing gf*nr wonld rnove forward along the ai'c 
foriiKHl hj the to|)s of tlie Hat«. Certain of the 
latter wonlil be HfttMl out of their beds in sncceftsion, 
and while finnly held, wonld liave a stripjnng caixl 
dniwn nnder them, wher«d>y all the knots and im- 
pnntiea they liad pirked out of the cotton wonld be 
removeth After such operation the strip] >ing card 
itself is cleaned. We have said "cert^^in" flats 
wouhl Vie operated tn>nn, and herein lies one of the 
important featni'es of the machine. The first of 
the aeries of flats which the cotton cornea into 
contact with in Hm [masage throngh t!ie machine 
nntnr;dly has the Wst chance of neizing knotn, ttc, 
and, conscfjnentlv, if t lie flats were to be allow^nl to 
reniiun nnstripiKnl for a litth* time, it wonld be 



found on examination tliat they contAmed accntnu 
latioBR of waste decreasing in pmpoiticn lis ih» 
positions were i*emoved from first con tact with th 
wool. When stripping was done by the 
it was usnal to strip a certain propoi*tian of the BuCJ 
more freqtiently than the others ; and ft difficult 
with tlie inventors of mechanical strippers woe 
find a combination of movements tJiat would in 
tat© the hand pmctice. In the machine mid*T 
notice this dllEenlty has V»een completely mnMi»<iL 
and the stripping is done in an nnfailing rotadu 
Of the sixteen flats, the first division of dx \ 
stiip|>ed thrice in a given time, the secooil dif 
r>f five twice, and the thini division of fiv« 
The mechanical nrrnngemeut whereby this in J 
plinhed is exceedingly pretty in its o|M>mtiotu 
rotation followeil bi six sncoessivo fiA^stgen of 
stripfier over the space occnpi#>d by fl 
this: — On the first journey the tliita nm 
3» 5, 9, 11, and 15, are 8tnp]XMl : sec^otid joumerj 
4, e, 10, 12; thinl, 1, 3, 5, 7, IS ; fourth, 2, I 
8, 14 ; fifth, 1, 3, 5, 7, 9, 11 ; and sixth, % i.^i 
10, 16. T!ie appan\tns admits of ni^nKtmnit 
any other rotation. 
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Dobfion and Barlow, ami MesRrs. Plutt 
Brotliers and Co, (Limited), of Oldham, also 
exliiUit<?d at Paris seIf-stril^]^blg macbijies on the 
travelling flafc pi'inciplej for which many spinners 
Lave a preference. In these machines the Mats are 
attached to an endless chain, and tm they leave tlie 
cylinder in rotation, are 8trip}>ed hy a revolving 
l>rti s h . ne ^ea t ad vantage of tl i is f orra of m acl i i ue 
is that the wires may be ground us well as 8tnpi>ed 
wliile carding is going on, Messiu. Hetherington 
aud Sous, uf Manchester, are the makei^ of a carding 
engine uimju the stationary Mat j)rinciple, which has 
atti-Hoted unicii favourable notice. In it, the data, 
on being lifted from their b<rds in rotation, are 
iuiiied over till the wire comes uppermost, when a 
<tripi»ing flat is pa^ssed over them. ProvLsion is 
also made for grinding tlie wires while the machine 
is in motion. The stripping is so exj^editionsly 
[lerformed that each Mat Ls abnent from the cylinder 
only six seconds. So jjerfect are tJie foTir machines 
we Lave specially mentionetl, that they leave little 
to be desired on the part of the spuiner. 

Among the details of eai-ding machines, none are 
more important than the size and an-angement of 



the wire jM>ints which effect the separation of the 
fibre. Tliese are made of hard-drawn iron wii-e. 
and ai*e now uHnally insei'ted in an indinmbl fjr 
foundation, or a combination of doth iuid ijidia- 
mbber. In the eai'ly days of the cotton mannfactur'e. 
the Tsvire points were set in lejither by hand, ami it 
was an exceedingly tedious occupation. Mr, Kay^ 
of Bury^ was the tirst to produce a machine for 
tloing this work, and it was a remarkably in- 
genious contrivance. This machine was, however, 
improved mjon by an Amencan, and Mr, Dyer, of 
Manchester, obtiiined the imtent rights for this 
country^ Mr. James Walter effected some im- 
jK)rtant improvements on the American machine, 
and it now does its work in a most satisfactory 
manner. A stout ribbK>n of "vulcanised nibber is 
placed on a bobbin, and one en*! of it is passed into 
tlie machine, which, on being set in motion, pierces 
the nibl>er, forms the ]>oints from a roll of w*ire» and 
inserts tliem in their places at a rajnd rate. The 
machine insures ab.Holut^ uniformity in the length 
of the points and tiie angle at which they are bent 
— matters essential to gootl w^ork. The points av^ 
made of various thicknesses of wire, accoixiing to 
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the iMssition they are to occupy in the machine, and 
the quality of cotton to be deiilt with. CaiMJ cluthing 
also vaiies in the niimlwr of wire iK>ints upon a 
given space, and is ilei^ignated accordingly. If there 
are one hundi"ed wii'es npon four Liiche^s it is called 
No, 100 ; one hundred and twenty, No. 120, tuid ho 
on. Generally speaking, the ** taker-in " is covered 
with either a very strong cartl or with saw-tooth 
filleting in which the gi'ound-work m leather instead 
of indiiinihl>er. The main cylinder, wlien lulaptcd 
to deal with cotton foi" the coaj'ser numbei's of yarn, 
is covered with Na 90, and when the cotton is in- 
tended for finer yams, Nos. 100 or 110 are nsecl 
TLe carding rollers, in that case, have No. 90, and 
tlie clearers No. 100 ; whilst the txiIg as to the 
clofier IB, that its canls should be twenty numbei's 
finer than those of the main cylinder. The fine 
cards on the latter enable the comb to take ofl^ the 
canled cotton in a finer and more regular w^eli, and 
the wool, having been ali-eady subjected to the 
operation of the rollers and flats, has no entangle- 
ments likely to injure the more delicate wires. Thei-e 
are two forms of card clothing for cylinder's— 
namely, sheets and fillets. The former ai-e about 
i or 5 incites in width, and of a length suitetl to 
the length of the cylinder ; the fillets are usually 
about 2 inches wide, and in length sufiicient to cover 
the cylinder when wound ufion it spirally. Filleting 
ifl generally used for cylhiders and rollers, and the 
sheets for the fiats. It is important that the C4ird 
points should be kept well sharfjened j otherwijse, it 
woidd be im|K)saible to protluce a clean, regular fleece, 
Tlie wires on the fiats, in machines which ai*e not self- 
grinding, are sharpened about onoe a fortnight, by 
]>emg subjected to the action of a roller covered 
witii emery ; and the main cylinder and doffens are 
ground about once a month, by mounting in contact 
with an emeiy roller, and driving the cylinder and 
roller in opj>osite directions, E«pially important 
with the hluirjwning of the canls is their adjust- 
ment, or " setting," bo as to insure that the points 
on the main cylinder are exactly parallel w^ith tliose 
on the i-ollers and flats, and »as close as |»osKible 
t<)gethcr without actually touching. For the pur* 
|tofie of adjustment, the flats ai-c funiislietl with 
Hci'f^ws by w hich they may be raised from or lowered 
to the cylinder. Sometimes a thin slip of iron is 
naed in setting, to deteroiine whether the caixl 
(»oint6 are in contact or not ; but the skilled work- 
imtn generally relies on his eai' for ascei*taining 



whether the points are clear. The relative surfaofti 
sjteed of the feed rollers and the dofier is itsuallj 
1 to 100, so that 1 yard of lap is converted m\ 
100 yaixls of sliver. This draught may be increased 
or diminished by changing the pinions which drive 
the feed rolJers, The surface velocity of the maia 
cylinder is from 15,000 to 16,000 feet per minu^ 
whilst tliat of the dofier does not exceed 70 or 8< 
The carding rollers require to revolve at such 
si»eed as w^ill bring ever)' part of tlieir circnmfereni 
into contact wuth tlie clearing roUers sudicientljf 
often to prevent the cotton fibre gathering U] 
them in too thick a filni. The clearers, again, id 
overrun consiclei-tildy the caixling rollers, so «fl 
clear them out thoroughly. 

To understand what a nice operation carding 
one has but to glance at the pages of " The 
of Cotton Spinning," by the late Mr. James Hydi 
a gentleman who waa not only a pi-actical coti 
spinner, but was well versed in the construction 
all kinds of cotton macliineiy. Mr. Hyde gives 
copious tcchnicid details of no fewer than seven 
carding engines suitable for dealing res[>ectivi 
w ith cotton intended for yarna of from 20 up 
350 hanks to tlie pound. Of these he gives the 
niensiona of the various working parts, the numi 
of their revolutions, the cx>unta of the card points, 
number of teeth in the driving wheels, the extent 
of the draught between the dofler an<l the f«eil 
i*oller, the diameter and revolution of the varion^ 
pulleys, the length of sliver which e^ich machine is 
capable of producing in a week, tlie weight j*r 
yard of the same, and so fortli. The first engine of 
the series which he describes is adapted to carding 
cotton for 20- hank yam, and consists of main 
cylinder, doffer, six carding and six clearing roller^ 
licker-in, feed ixiller, drawing box, plunger, and cnn 
motion. Tlie main cylinder is 48 inches in diameter 
and 41) inches \^'ide ; the caiil points vaty 
CO on the clearing rollers to No. 90 on the 
and the machine is capable of getting thj 
1,080 lb. of cotton per week of 50 houra. The 
engine of the stories is one to card for 350-1 
yarn. It consists of main cylinder, dnflVr, lick 
in, 14 top cards, feed rollers and deliv<?ring rollem 
Hie main cylinder is 3G inches in diamet^'r, aiwl 
only IQ wnde. The canl-points vary fmm No, 80 
on the lickcr-in to No. 140 on tlje doflV-r, anJ 
the machine*s work in a week of 50 hoars 
onlv 251b. 





HIP BUILDING, — IX, 

THE "great eastern." 



A REVIEW of ihe progress and present posi- 
tion of iron ship building snch £13 we have 
luidertaken in the preceding aiticle^^, necessarily 
conducts to the Bfiecial consideration of the Great 
Eiuttm. Twenty yeai-a have elaI^sed since that 
remarkftble vessel Wits floated on the Thames, yet 
she is still unapproafhetl in size and weiglit by the 

Liaxgest vessels which have been huilt either for 
or for comniei*ce. The aggi^egate weight of 
iilVM of the lieaviest imnelads^ or thixH) of the 
finest Atlantic mail steamers, woidd only erpial 
that of tills monster ship; and at the time she 
was liiiilt her relative propoiiions were even more 
considenihle than they dow appeiir. Dniing the 
Cnmean war the famous trooj* ship Ifunalcff/a was 
one of tlie largest and fastest merchant steamers 

' afloat ; she was only half as long, and about 
one - weventh as hea\y, as the Great Ea^t^rn. 
When the latter ship was laiuichetl, tlie llmid 
Navy boasted of the ]>os5e8Hion of towering thix^e- 
deckers, caiTying 131 guns and manned by 1,100 
men ; but the largest of thejie men-of-war was 
OOllsidenibly less than one-half as long, and not 
more than one-fourth as heavy, us the Grml Eftshrn. 

I In view of these facts it may fairly l>e jiske^l, Why 
the Great Easteni niiule so lai-ge ? Was it 
fuMl some well-coiistdeiied scheme, or was it 
ati ambitious freak on the [*jii*t of her designer to 
siiri»ass all rivals in the grandeur of his work] 
Fortunately, we have the nieaJis of answering 
these ipiestions front dtjcuments pii^paiTd liefore 
the ship was bwilt by tJie givat engineer, Mr, I» 

\ K- Brunei, with whom the design originated ; and 
any one who will consult them cannot fail to l)e 
impi^efised with the conviction that the design of 
no ship could have been more cart^ftiily thought 

[ out, in its details as well as its main feiitures, 
before any part of the const nicti on wa3 taken in 
Land. The olijects aimed at may have het^n, and we 
think they were, mLstiiken — the conditions which 
111 led the design are subjects for fair criticism ; 
but having i-egard to the circumstances under 
wliich tlie ship was built, her great size was a 
necessaiy consequence of the service she was ex- 
pected to pel-form. This was nothing less than 

I the dreunmavigation of the globe, the ship car- 
rying fmni England coals sufficient to enable her 
to steam the whole distance, and having liesides 
a reasonable amount of cai^ carrying capacity , as 



well as aooommodation for a large num1>er of pas- 
sengers. To ctuTy out this progi'amme the dimen- 
sions chosen were as follows : — Length, 680 feet ; 
breadth, 82 J feet; deptli from upper deck to keel, 
58 feet ; draught of water when fully laden, 30 feet; 
and corresponding total weight of shij* and lading, 
nearly 28,000 tons. In onler to attain the desire<l 
average sjieed of H to 15 knots per hour, it 
was conaidei'ed necessaiy to have engines capable 
of develojiiji;^ from 10,000 to 12,000 hoi-se-power, 
ap[ilied to drive a sciew projiellcr [)laced at the 
stem of the sliip, and two laige iiaddle- wheels 
placed neaily amidships. Sepamte engines weiv 
employtnl to drive each of these propellei^, and 
the ] Kiddle- wheels on opposite sides of the ship 
could be disconnected and worked at difleivnt 
s[>eeds, or in opposite directions, in order to inci-ease 
the manaaivring jHiwer of the liuge floating struc- 
tviixj. The ssiil jiower wus subordinated to the 
steaming j but it formed a valuable auxiliary, and 
consisted of nearly 60,000 scpiai^e feet of canvas, 
earned on live nuists. It was never intended that 
the vefiscd should i)rixx?ed under sail alone — she 
was essentially a sU*nmei\ 

The engravings on tlie next [Mige of the longi- 
tudinal section and plan of the Great Easttrit 
will furnish all m^^essary intVu'ination res|>ecting 
the internal arningements uf the sliiju Bather 
moi^e than half the length (S.'iO feet) of the ship 
is occupieti by engines, boilei*s, and coals ; and 
gr^it pains wei-e taken to facilitate the sujiply i>f 
coak fi-om tlie bunkers to the stoke holds. In a 
case whei^ the coal supply was intended u> be 
10,OC>0 tons this was a matter of great pi-ac- 
tieal imjiortanee. The cargo holds am situatefl 
Ix^fore and abaft the central spaces containing 
macliinery and coals : these spaces ait? Injiinded 
by a deck 34 feet above the bottom of the ship, 
and njion this deck and the decks al>ove it nve^ 
j>laced the saloons and jmssenger acconimoilation. 
She was intended to carry 4,000 passenger, antl 
a crew of 400 men, when fully laden with cargo, 
and to transiwrt 10,000 troops on an emergency. 
In July, 1861, when the forces in Canaihi wei^ 
increased in consequence of the I'nmt affair, the 
Great Easttm actually carried 2,500 troops to 
Quebec, but they were nearly all berthed in the 
caiTgo spaces, the passenger cabins l>eing but little 
utiHsei Altogether 3,000 souls, and 200 artillery 
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Ixorses, were canieil on this voyage, and she was 
iiover afterwanls bo fully occupied by passengers. 
General opiiiioti litis, in fact, always declare<l against 
tho embarkation of such a foree aa 10,OOQ troops 
in a smgle vessel^ the mks to be ntn baiug con- 
lidei-ed too great By diatribnting the forctj in 
Bvei-al ships, the chances of serious (hiiiuster are 



review of her design and subsequent liist«7rv 
discover the causes of tliis failure, Fimt uf idl,J 
Mr. Brunei, des|>ite his reoiarkable foresight* did 
not realise the clianges which have been produe 
in a single genenitiou by tlie progress of stuau 
navigation. Coal mines have been opened up 
all parts of the world ; ainl even if it once may 
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lessened, for if one ship miscannes the others may 
escape accident. Hence it is not aui^prising that 
the Government have never considered it desirable 
to acqiui-e the GrecU Eustsrii^ while she has been 
but mrely employed on the public service. On tlie 
other hand, there is little pros[HJct that if em- 
ployed on any i\>ute, the irnat Bdattrn could ever 
have secured 4,000 pa^asengers, without considerable 
delays, and on the Atlantic line she never obtainetl 
more than a small fniction of that nunil>er. In 
fact> an examination of the plans must conduct 
to the conclusion that far too large a proiH>rtion of 
the sjMice was devoted to coal-stowage iind passenger 
iun*ominodation, the cai-go-canying cipacity being 
ix:4atively small, although absolutely giie^t. One of 
the heaviest cargoes she ever earned before lieiiig 
employed in laying subniaiine cables was in 1862, 
when she returned from America with moi-e than 
5,000 tons of cai^ on board ; but this immense 
weight was only one-Jt/l/i of her total weight at 
that time. 

In a commercial sense tlie great ship has un- 
doubteiUy been an utter failure, and it has been 
stated on good authority that between 1853 and 
1869 one million st-erling had been lost u[>on her 
by tho various jH'upriet'Oi'H who had atUtnipted 
to work her. Nor ia it diliicuit on an impaitial 



have been, it is now no longer necessary or tl 
able for a steamer to carry coals for a r&tum 
voyage, eithei* from India or AttstraHa; in fitd, 
the pi-overbial folly of ** eanying coals to New- 
castle *' may bo applied to an Australian as well 
as to an English coid tield. Fvu-ther, the improve- 
ments in marine engineerbig which have been in-, 
troduced since the Gtyiai Eastern was designtjd, 
have i-endered jKJSsible large economies of CJoal 
consumption. It is said that the engines titted 
to the ship consumed about 3C0 tons of coal per 
day when the sjieed averaged about 13 knota 
piT hour ; but if the modem type of comjKiimd 
engine had l>een titted, the rate of oonsumptioa 
would not have exceeded ISO tons, Mr, Brmusl 
ap|)ears to have been too sanguine in his estiixuilo 
of the si>eed luid coal consumption, and tUta ii 
scarcely siu'iirising when the eutii'e departun? &oni 
previous examples of steam-ships is reinembepeC 
He hoi^'d that the ship would make the paaMfi 
to Austndui in 36 days, which woidd hava 
i-eqyuxjd an average speed of II knoU per 
hour, and this speed was to he purchimed by tlM 
consumption of 200 tons of coal per day, Wil 
engines of the modem tvpc his hojies may liai-^ 
be<m more nearly realised, and it luis been rr|jort«4 
that the pi"esent proprietors (187S} of the abip Imh^ 
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^OUteiupLited '* compoundijig " the engines in order 
to save fuel, but no change of thii* kind has yet 
been begnn. 

The diief catuse of failure in a commercial sense 
WBA, however, tlie practiciil irnfioRsibDity of secur- 
ing such an enormous complement of passengers 
ani] cargo as was estitnateil to be neoessary in order 



cargo as those for which the Great £€utiem waa 
designed. During the la^t tlireo or four yciu-s 
sti-enuoiis eflbi1>s have l^een made to improve the 
steam-ship service between England and Austndiii, 
and €omj)etition has been keen, not mctrely lietween 
fctt^amei-s and sftiliJig ships, but between dillemnt 
lines of Bteamers. Some of these latter now 
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to cover woi'king expenses and earn a profit Six 
thousand t^ns of dead weight was the quantity of 
cargo i-equiret! ; but t-o skip such a quantity must 
at any time have involved senous delays in port, 
and as a matter of fact merchants and insurt^rs 
were not ready to nm the risks involvetl in embark- 
ing so much in a single bottom. On the whole, 
therrfore, two or thn?e steamers of moderate size, 
an4 ^vith modern tyjies of engines, could be more 
profitably employed to cany the same number of 
imssengcrs and the same aggregate dead weight of 
34 



make the passage — vid the Cajie — in from 40 to 
45 days, and it is pro]iosed to abridge this time 
to 36 da}^ ; but no one has ima^rinecl it desinible 
to employ shij)« exce<xHng al»out one-fourth the 
weight of the Great Eastej^iu Another note wort hy 
circumstance is the fiuccjessful employment for 
many years on the Austnilian line of the Ormt 
Ilritmn — Mr. Biimel's earlier cremation — designed 
for the Atlantic tmde, Tlie Orfnt Jiritmn mado 
some excellent passages, but not approaching tho»« 
recently made; and her success must be lately 
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attributed to her good performance under sail. 
She was heavily rigged^ and could consequently 
economise fuel to a very considerable extent. 

When one turns from the commercial aspect to 
the consideration of the structural details of this 
remarkable ship, adverse criticism comes to an end. 
It may be questioned if any more admirable ex- 
ample can be found of the successful application of 
wrought iron in ship building, or of the association 
of lightness with strength in a sea-going ship. The 
weight of iron used in the hull is said to have been 
6,250 tons, and this material must have supplied 
the strength required to carry the load of 26,500 
tons which was put upon it when the vessel left 
EIngland in 1868 to lay the cable firom Bombay to 
Aden. Besides the iron in the hull, there is 
about 2,500 tons of wood, in decks, cabins, and 
fittings of all kinds ; but this wood can add 
little to the structural strength. Including both 
wood and iron in one total for hull, we have 8,750 
tons, or about 27 per cent, of the total weight of 
ship and lading: the corresponding figures for 
good specimens of mercantile steam-ships of the 
present day give an average of about 30 per cent, 
for the weight of hull, and show a clear gain 
of 3 to 4 per cent, for the Great Eastern, 
There can, of course, be no question of the 
sufficiency of strength of a ship which has per- 
formed such work as has fallen to the lot of the 
Great Eastern, or passed through so many trials 
and dangers. From 1860 to 1863 she made nine 
voyages across the Atlantic. On one occasion she 
laid helpless for hours in a terrific stoim, with her 
rudder disabled and paddle-wheels broken. On 
another voyage she ran aground and seriously 
damaged her bottom ; but on neither occasion did 
she sustain vital injuries, as an ordinary vessel 
would probably have done. Since 1865 she has laid 
five cables across the Atlantic, and one from Bom- 
bay to Aden, performing these arduous services 
without a sign of weakness or distress in the 
structure. It will be interesting to examine briefly 
the principal features in the construction of the 
hull, by which these good results have been ob- 
tained. The engraving of the cross section through 
the boiler room will assist our explanations. 

The outer skin of the ship is formed in the 
usual manner of iron plates f of an inch thick. 
At a distance of 3 feet within this outer 
skin there is an inner skin of equal thickness, 
which rises to a height of 34 feet from the 
bottom of the ship, or about 4 feet above the 
intended load-line for the ship when fully laden. 



Between these two skins a large number of 
longitudinal frames or girders are fitted ; in fact, 
this lower part of the vessel is a cellular 
structure, capable of resisting enormous tensile 
and compressive strains. This '< double bottom" 
is not merely a source of strength; it is also 
a means of safety and convenience. During 
her employment on the trans- Atlantic service iu 
1862, an accident happened which forcibly illus- 
trated the value of the double bottom. The ship 
was being stopped at the entrance to Long Island 
Sound to take a pilot on board, when she ran over 
a reef of rocks, and tore a hole in her outer skin 
which was afterwards discovered to be 80 feet 
long and 10 feet wide. The inner skin, however, 
remained intact, and although several of the com- 
pai*tments of the double bottom were filled with 
water, no water entered the hold, nor was the 
ship placed in the slightest danger. Had she 
been built with a single skin, like ordinary iron 
ships, a similar accident might have proved fatal 
Further, as a receptacle for water ballast, the 
double bottom is a great convenience : and it will 
hold no less than 2,500 tons. The Great Eastern 
was not the first ship possessed of these advan- 
tages, but they were more fully developed in her 
than in preceding vessels, and became better known 
in consequence. A cellular double bottom forms 
an important feature in all iron-hulled armoured 
ships of recent date. 

The cellular system of construction carried out 
in the lower part of the ship was undoubtedly a 
result of the experiments which had been made 
by Mr. Fairbaim and Mr. Hodgkinson on behalf 
of Mr. Robert Stephenson before the construction 
of the Menai and Conway tubular bridges. Mr. 
Brunei was not content, however, to limit the aj>- 
plication of the cellular system to the lower part of 
the ship, but extended it to the upper deck, which 
is nothing more nor less than an imitation of the 
top flange of the Menai Bridge. This deck is alto- 
gether exceptional, and its construction will be bet- 
ter understood from the enlarged sectional drawing 
on p. 267. There are no beams lying transversely, 
the supports being longitudinal girders extending 
from one transverse bulk-head to another. TJi^oa 
the upper and under sides of these girders strong 
iron plating is worked in two layers, each | indi 
thick ; and the combination is admirably adapted 
to resist compressive as well as tensile sUaina 
The upper surface of the iron deck is plane, having 
no sheer or round-up ; but a wood deck flat is laid 
upon it^ and this has some traDsverse cunraiareb 
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in order to clear the water. It wiD be noticed tliat 
the ceUiilar deck is constructed only on either side 
of tlio central openings for liateliways, ventilation, 
^«., and tlie i^^ison will be obvious. Continuity 
of stpength is an impossibility at this central space, 



ships ill the mercantile marine can be compared in 
this i\^-si)ect with tlie Great jLosiern; and if the 
outline sketclies on page 264 are studied, the 
reader cannot fail to note how the necessitiea for 
stowage and accommodation are made to contiibute 
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and it would only be a waste of material to con- 
Ktnict a strong deck which would be pierced at 
fi-equent interv^als. 

Having provided for the longitudinal strength of 
the top and bottom of the ship by these arrange- 
ments, Mr. Bmnel had to secure an efficient con- 
nedion between top and bottom, a sufficiency of 
transverse strength, and a proi)er amount of stiff- 
ness for the nearly vertical ixjrtion of the side 
[dating between the lower deck and the upj)er 
ileck- Throughout the middle half of the leng;th 
there are stmng longitudinal bidk-heads, fonuing 
the sides of the engine i-oom and stoke holds, and 
reaching from the up[ier deck to the bottom of the 
sbipi. Tliese longitudinal bulk-heads add to the 
longitudinal sti^ugth, as well as coimect the up|»er 
and lower pails of the sti-ucture. The transverse 
Htrength is almost entirely supjdied by ti-ansvei-se 
bulk* heads, of which there are no less than ten* 
Eight of these extend to the upper deck, and two 
to the lower deck ; the longitudinal fmmes dis- 
tribute their strength to the spaces intervening 
between the bnlk-heads. This is a remarkable 
contrast to the common system of construction, 
exemplified on page 185, and previously describeil ; 
but it has stoo<l the test of actual service remark- 
ably well, to the surprise of many persons who 
advocated the use of closely-spaced transverse ribs. 
These bulk heads, both transverse and longitudinal, 
form water-tight partitions, and effect a sulxlivision 
of the hold space, which h^ most conducive to safety 
in case of a serious accident that should break 
tlirough the inner as well as outer skins, and admit 
vmter into one or more comjiartments. Not many 



to this end. Water-tight sub-division in ordiimry 
iron sliiijs does not I'eceive tlie attention it deserves, 
the geneml opinion being that stowage of the hold 
is senously hiunf»ered by the introduction of 
nnmerous bulk-heads ; but in [mssenger ships, at 
least, considei'iitions of safety surely should be 
paniraount We shall recur to this subject here- 
after. 

The intermediate decks of the Great Smferti do 
not present any fejitures calling for special mention ; 
they ai'e in fact tix^ated mainly as platfoiius luther 
than as importimt contributaries to the structural 
strength, Not that they are of little value in the 
maintenance of tlie form of tlie ship ; for they 
stiffen the sides, and tie together the parts to 
which the deck beams and plating are comiected, 
besides distributing the strength of transverae 
bulk-heads. Further stiffness, in the vertical 
sense, is given to the sides where it is considered 
desirable by means of deep fmmes, or "partial 
bnlk-heads," somewhat similar to those described 
on page 204 ; but tliese streugtheners are com- 
paratively few. . 

These are the jirincipid features in the structure 
of the Great Eaattrn; into the many interesting 
and R|ieciiil features of her outfit and etpiipraent 
we have no space to enter. Nor can we dwell 
upon the magnitude of the operations of building 
and launching such a monster. It must be stated, 
however, that the stoppage in launching, which 
exercised so seriously pi-e judicial an effect upon the 
pitjspects of the ship, was due to the attempt to 
launch upon ii\>n ** ways," or sliding surfaces, instead 
of tlie ordinary wood ways with well-greased sui-faces. 
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Mr. Brunei no doubt hoped to have secured some 
advantages by his departure from precedent, and 
it is but fair to him to note that before deciding 
upon the plan adopted, numerous experiments were 
made, which promised satisfactory results. This 
promise was unfulfilled on the larger scale, and as 
a consequence, £120,000 is said to have been ex- 
pended on the launch before the ship floated. The 
estimated cost was only £14,000. When launched, 
the total weight to be moved was 12,000 tons — 
about twice as great a weight as has ever been 
launched in any other vessel 

It has been estimated that no less than thirty 
thousand iron plates and three millions of rivets 
were used in building the ship ! The contracts for 
hull and engines wei-e made in 1853 ; the first 
attempt to launch was made in November, 1857; 
the ship floated on the 31st of January, 1858, and 
started on her first cruise in September, 1859, her 
completion having been delayed by the financial 
embarrassments of the company. She has been 
afloat, therefore, for twenty years ; and as no dock 
can accommodate her, repairs or cleaning of the 
bottom can only be accomplished by grounding her 
on a gridiix)n, as described at page 22. Yet even 
with this exceptional treatment, the ii'on hull has 
proved exceedingly durable ; and although for three 



years past the ship has lain in Milford Haven, her 
rest has not been the result of incapacity for 
further service, but the lack of suitable employ- 
ment. Her period of greatest usefulness and 
success was from 1865 to 1875, when she waa 
engaged in laying submarine telegraph cables; 
but work of that kind is, of course, exceptional, 
and although the Gre<U Eastern did it admirably, 
smaller vessels specially built for the work can 
now perform it satisfactorily and at less expense. 
It is not easy to foresee what the future of the 
great ship will be; but it is interesting to note 
that there is a prospect of her being better cared 
for than in the past In connection with the 
docks now in process of construction at Milford, 
a dry dock is being built sufficiently large to ac- 
commodate her ; and when it is completed she will 
have in reserve facilities for cleaning and repairs 
never enjoyed before. This century is not likely 
to witness the construction of another Grmt Eatterny 
and it is to be hoped that she may long be pre- 
served, even if she cannot be profitably employed ; 
for she thoroughly deserves the praise accorded to 
her by one who was always opposed to her con- 
struction — "She is a marvellous piece of work- 
manship; ... a triumph of mechanical 
skill." 



INDUSTEIAL LEGISLATION.— V. 

LORD ASHLEY ACCEPTS THE PARLIAMENTARY LEADERSHIP OF THE SHORT-TIME MOYEMSKT — GRKAT MEETING 

IN THE LONDON TAVERN — COMMISSION OF INQUIRY. 

By James HEXDEBfiON, one of H.M. Assibtant-Insfectobs of Factokibs. 



SADLER'S defeat at the general election of 1832 
was regarded for a time as a great discourage- 
ment to those interested in the movement for limit- 
ing the hours of work in factories. The agitation, 
however, had now taken such a hold upon the 
country that it had long ceased to depend upon 
the exertions and energy of any single individual. 
The new Parliament, moreover, contained many 
tried friends of the cause of the factory children. 
Mr. Joseph Brotherton, who had laboured side by 
side with the first Sir Robert Peel, was elected 
for Salford, and Mr. John Fielden and Mr. William 
Cobbett, both of whom had distinguished them- 
selves by their public advocacy of a ten-hours Bill, 
were returned for Oldham. But by far the most 
valuable ally which the cause had yet secured was 
gained when Lord Ashley (the present Lord Shaftes- 



bury) consented to champion the cause of the op- 
pressed children in the reformed House of Com- 
mons. The idea of enlisting this nobleman in the 
work appeal's to have originated at a delate 
meeting at which representatives were present 
from the various short-time committees then ex- 
isting in Lancashire and Yorkshire. The Rev. G. 
S. Bull, a tried friend of the cause, was commis- 
sioned to go to London to confer with its friends 
there, as to the appointment of a new Piiriia- 
mentary leader ; and in the course of a very short 
time Mr. Bull was enabled to send a circular to 
the different short -time committees, informing 
them that Lord Ashley had assented to take up 
Mr. Sadler's Bill and make the measure his own. 
In accordance with this determination, his lordship 
at once gave notice that he would reintroduce 
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Mr. Sadler's Bill on the 5th of March, 1833. From 
tliis date onwai-d to the jn-esent titne Loi\l Shaftes- 
bury has been moi-e intimately ajssociated with 
factory legislation than any other man ; and as 
we traveii!ie the history of the subject we shall 
tiud his name most proniinently and most coEtijitx- 
ously connected with every effort made in this 
tli lection to improve tJie moral and sociid condition 
oC tlie ©Iterative claases* A more desirable leader 
for a movement of this kind coidd not iK)8sibly have 
l»een obtained, and the wisdom of the selection 
made by the Icsvdenj of the shoiirtime movement 
was .soon niiuiifested. When he consente<l to the 
Rev. Mr, Buir^ proposal, Loni A«hley assured him 
that HO long as he was supported in his efforts by 
the opemtives themselves^ be would never flinch 
from the w^urk ; and right nobly did his lordship 
fultil this pledge dunog the twenty years of earnest, 
mi tiring, and indefatigable labour which followed 
while he w^as engaged heait and soid in a cause 
which he practically came to make hLs owm 

Tlie evidence taken by the Select Committee 
during the previous session, and over which Mr, 
. S«uUer presided, had exercised a considerable inJlu- 
ence on public opinion by this time^ and the manu- 
facturem themselves were aroused to the know- 
letige of tl^e fact that some practical steps must l^e 
taken to restrain the gross abuses which it was 
cleai'ly proved existed in no small pix>portion of the 
factories. An association wsis formed in Loudon 
Milder the f>atix>nage of hia Royal Highness the 
Duke of Sussex, which had for its object the im- 
provement of the comUtion of ftictory children, and 
an impoitant meeting of this association was held 
in the London Tavern on the 23ixl of Febrmiry, 
1833, a few days after Lord Ashley had given 
notice of his ititention to i-e-uitrotluce Mr. Sadler's 
Bill. The Lord Mayor, Sir Peter Ijiurie, presided* 
ant! it is interesting at this distance of time to re- 
call the names of some of the more eminent men 
who took i>art in the proceeding, Ajuong the 
sijieakei*s were — Lonl Ashley, the Hon, Wui. Dun- 
eombe (Lord Faversham), Rev. G. S, Bull, Mr, 
O'f-bnnell, M,P., Mr, J. W, Heli>s, Col. WiJIiams, 
M.P,, Mr. G. Lyall, Mr. Oastler, Mr. H. Pow- 
nall, Mr. J. H, Fi-eeze, and Mr. T. Sadler. Among 
other gentlemen on the platfonu on this occasion 
wei'e — O>lonel Torrcns^ M,P,, Colonel Williiuns, 
M,P., Mr. Robinson, M.R, Mr. Wilks, I^LP., Sii^ 
Eilwanl KnatchbuU, M,P., Sir Andrew Agnew, 
M,P,, Mr. Rol>ert Owen, Mr. Nathaniel Guuld, 
nd Mr. Lal>ouchere. All shades of jiolitical and 
lypous opinion wei*e n*pr(5seuted on tbis occasion, 



and the proceedings excited a i-emarkable amount < 
interest tliTOughout the counti-y. One of the luo 
interesting of the speeches deli%*oi^d was that hj 
JVIr. Richard Oastler, who stated that in bis 
triet in Yorkshire, it wiis a common thing fa 
children of seven years of age to be cotiiiJelletl 
work for eighteen and in some csasea even h 
twenty hoims out of tlie twent^'-four. They wep 
unable to exist under such labour, and the cht] 
yards jirovetl that this was the case. Such child 
moreover, were fretiuently beaten with a heav 
strajik imtil breast and back were black. One liuh 
eliildj Mr. Oastler stated, he had himself seen, wlio 
alt Lough under ten years of age, had bet*n aio 
immercifully beaten for having, when tired 
Hpoiletl a piece of yaiii of some three inches 
length. The evidence given before Mr. SiuQei'i^ 
committee more than coiToborated the stron 
statements made by those who desired to promote! 
some restriction on the hours of work. The report, I 
in fjict, so teems with facts of this kind that it i^ 
ilifficult to make a selectiom One witne 
clothier fi'om Scholes, near Holmfirth, who fitt& 
that he had many opportunities of obsening tli 
ti-eatment w^hich children received in the wooHral 
factories in his neighl>ourhood — on being askal i| 
(piestion ujiou this point, said, sj^eaking of 
cliildren, *' They are genei-ally cruelly ti-euted- 
cruelly treated that they dai-ed not hardly for lh<*irl 
lives be too late at work in a morning. When II 
have lioen at the mills in the winter se^ison, when 
the children are at work in the evening, tlic veryj 
iirst thing they iuquii-e is, ' What o'clock is it V 
1 should answer, * Seven,' they say, * Only seven I 
is a grcMit while to ten; but we must not give up i 
ten or past'" This witness went on to say that I 
heart was ready to bleetl for tliem when he 
them so fatigued that they were in such a state tdi 
ajiatLy and insensibility as liardly to know whalj 
tbey were doing. Under these circumstance*, thr 
frequently made errors in tlieir w^ork, and for thii 
they were most shamefully punished, being gimemili 
beaten with the " billy roller ** — a hea>'y ixkI of iron 
f mm two to three feet long. This witness tcwtiM] 
that he had seen the billy spinners take this danger^i 
ous weapon and rap the little children on the ii< 3»daj 
till they made them crack so that the blow 
l>e heai^l some distance otf above the noise 
of the machinery. In some cases senotis iDJurir 
wei*e inflicted, which ultimately resultetl in 1o«s gI] 
life. Another witness, an ofierativie, »iatc»d thai i 
w hen a boy he had been beaten with a billy rolWrl 
when di-owsv after sixteen or neventceci boun oil 
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ootttiiiuoiiii labour, until he hud re|»etitedly vomited 
blood. A volume, indeed, might be tiUed wath 
extracts from the evidence taken by this Com- 
mittee, as to tlie shitmeful cruelties practised u[*on 
the joung children employed lq factories. Hided, 
over- worked, and cruelly lieaten, they -were indeed 
fit object's of pity and comjiassion, Regai'ded 
from oiu^ pi*esent stand-point of view, it must be 
a subject of wonder and sur[irii>e to all wlio have 
, read the shocking details laid befoi-e this Select 
Ck>mEuittee that those who sought to have this 
state of thingj^i amended by legislation should have 
had any difficulty whatever. Were such a tale of 
Dusery and woe laid before a Select Committee of 
the pi'esent day, the whole country would l>e up 
in arms at once to demand an immediate remedy. 
Nothing, fterhaps, could mom forcibly illustrate the 
contnust between tlie social condition of the |>eople 
now and what it wa,s some hidf a century ago 
than the fact that the disclosuix's made Wfoit:* Mr. 
Sadler*8 Select Committee should luive excited no 
little interest and so little sympathy for the miser- 
able victims of human avarice luid cnpiility. But 
the firm and tiecitled attitude taken in the House 
of Commons by Lord AsMey, and the infliieiice ex- 
ercised by the influential association whicli hrt<l 
been established to promote a short - time Bill, 
were not without effect, and tlie moi-e re^isonable 
among the em pi oyer's in the textile manufactures 
Ijecame convinced of the nec(?ssity of something 
being done to remedy the giievunees of tlie fuctoiy 
children. In their interest, Loixl Moqwth gave 
notice of the introtluction of a rival Bill, for 
Limiting the liours of work. The oj>enitive8 iu- 
tere^ed in the shoi-t-time movement dreaded no- 
thing so much as a compromise, and Lord Mor- 
peth's movement wa« conse«|uent!y veiy unjKtpular 
among them. 

Both pixjiMJSids for immediate legislation, liowe^ er, 
were set aside for a time by a suggestion for the 
ApiK>intment of a Royal Commission, to collect in- 
formation in the njanufacturing districts with 
respect Uj the employrnent of children in factones, 
and to dovi*ie the best means for the curtailment 
of theb* lalxiui's. A motion to this effect was 
fonnally made in the Houses of CoEtuuon.s by 
Mr. Wilson Patten (now Lord Winmarkngh) on 
the 3nl of April, 1833. Lord Moqieth also sup- 
portel this motion, on the ground that the agree- 
ment between Mr. Sadler and the opiK>nenta of 
his Bill in the previous session hatl not yet Ix^en 
fulfil Ie<L It wiiH aiTsuiged that Mr. Sadler should 
first ca.U his evidence, and endeavour to prove Mb 



case, and then that his opi>onents shoidd fi>llow 
witli theirs. The inquiry, however, had come tti an 
abnijJt conclusion, and before the latter luul had 
this ojjport unity. Both Mr, Patten and Lord 
Morpeth earnestly tUsclaimed any desire to delay 
legislation, and there was certainly some show of 
reason in their arguments in favour of having the 
case of tJie opixtnents of the Bill thoroughly con- 
sidered. The leaders of the short-time movement, 
however, wei'e bitterly opixjsed to the appointment 
of a Commission of Inquiry, which they regardetl 
simply Hn an excuse for delay. When the motion 
came on for discussion, Lord Ashley opjJOscd it 
most strenuously, and although it waa supported 
by the Government, he only failetl to defeat it by 
one vote, the numbei-s on the division being 74 in 
favour of the a]>jH>intment of the Commission, and 
73 against it. The naiTOwncsa of this division no 
doubt had its influence with the Government The 
commission waa issued within little more than a 
foi-tni^dit after tliis division — on the 1 0th of Apiil ; 
and the gentlemen named in it to conduct the 
profM>8ed inquiry were : — ^Fmncis Bisset Hawkins, 
Thomas Bouthwood Smith, Sir David Barry, Tho- 
mas Tooke, Leonanl Horner, John Elliot Bi-ink- 
water, Bobei-t Miuikintosh, James Stuart, Joliu 
Wilsfortl Co well, Edwai\l Carleton Tufnell, Alfmd 
Power, Edwin Chadwick, Stephen Woolriche, John 
S|H>ncer, and Charles Lowdou. Mr. John Wilson 
was apiK>inted Secretary to the Conmiission. As 
there was a genei*al desire that the question shoidd 
be dealt with if |)Ossible during the cuiTency of the 
session of 1833, the exjwdition with which the 
Commissionei'^ got llu'ough their work may Ije 
judgetl of by the fact that the first i-^port they 
presented was dateil the 25th of June. They 
collected an immense amonnt of information, and 
although their lalwui-s were regaixleil with much 
jealousy and dissatisfaction by the factory ojjera- 
tives and their fiiends, yet they unqnestionably 
contributed in a large degree to the fonnation of 
that public opinion which was expressed subse- 
quently in the Acts of the Legislatui'c. In some 
towns in the North, the op|X)sition oflei'ed to the 
Commissioners was absunl and uni'eiisonable. For- 
mal protests against their proceedings were l^-slged 
with them at Manchester and Leeds. Mr. Richai^ 
Oastler absolutely refused to recognise the Com- 
mission when it reached the latter town, and 
declineil to affonl the memtiers of it in their oflicial 
capicity the slightest aid or asaistjince* Notwith- 
standing these discouragements, the work of the 
Commission appeare to have been faithfully and 
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conscientiously performed. Of course, the evidence 
submitted to them was very conti*adictory at times, 
but that the oi)eratives had no cause for the want 
of confidence they displayed in the Commission, was 
made manifest when the reports were issued. The 
first, as we have just remarked, was presented to 
Parliament before the end of June, and was signed 
by Mr. Thomas Tooke, Mr. Edwin Chadwick, and 
Mr. South wood Smith. The chief conclusions they 
anived at, were thus summed up : — 

" 1st That the children employed in all the 
principal branches of manufacture throughout the 
kingdom, work during the same number of hours 
as the adults. 

" 2nd. That the effects of labour during such 



hours, are in a great number of cases permanent 
deterioration of the physical constitution, the pro- 
duction of disease wholly irremediable, and the 
partial or entire exclusion (by reason of excessive 
fatigue) from the means of obtaining adequate 
education and acquiring useful habits, or of profit- 
ing by those means when afforded. 

*^ 3rd. That at the age when children suffer these 
injuries from the labour they undergo, they are 
not free agents, but are let out to hire, the wages . 
they earn being received and appropriated by their 
})arents and guardians. 

" We are therefore of opinion that a case is 
made out for the inteif erenoe of the Legislature, in 
behalf of the children employed in fiujtories." 



HEMP, FLAX, AND JXJTE.— VIH. 

KEN DREW AND PORTHOUSE's FLAX-SPINNING MACHINES — DRAWING. 
By David Bremner, Author of " The Indvstries of Scotland.'* 



THE invention of Kendi-ew and Porthouse exer- 
cised such an impoi'tant influence on the linen 
manufacture, not only of this country, but of all 
Eui-ope, that it deserves more than the })assing 
notice already accorded to it ; and we reproduce 
the si)eciflcation, with its accompanying drawings, 
as they api)eared in " The Rejiertory of Ai*ts and 
Manufactures," published in the year 1802 : — 

** Specification of the patent granted to ]^Ir. John 
Kcndrew of Darlington, in the county of Durham, 
optic glass-grinder, and Mr. Thomas Porthouse of 
the same place, clockmaker, for a new mill or 
machine, upon new principles, for spinning yam 
fi-om hemp, tow, flax, or wool. 

"Dated June 19, 1787. 
"To all of whom these presents shall come, &c. Now 
know ye, that in compliance with the said proviso, they the 
said John Kendrew and John Porthouse do hereby describe 
and ascertain the nature of the said invention, and in what 
manner the same is to be performed, as follows ; that is to- 
say : The machine may be worked or used by a water-mill, 
horse-mill, or any other kind of mill, and is made and used 
as hereafter described in the two drawings or plans added 
hereto, and figured 1 and 2, and severally marked. There 
is a cylinder marked a in the drawing Fig. 1, three feet 
diameter and ten inches broad, made of drj' wood or metal, 
turned true, and covered on its circumference with a 
smooth leather, upon which are placed the rollers marked d, 
coven'd with leather, and supported in their situations by 
the slits in the cun'cd piece of wood marked k, in which 
the iron axis of the rollers turn, but suffer them to press on 
the wliecl marked a. There must be another piece similar 
to the above to support the other end of the roUorg. These 



rollers are of different weights. The upper roller, marked 
Dl, is two stone, the rest decreasing, to the least, which 
is only two pounds weight and one half. There is an iitm 
fluted roller marked f, furnished with a toothed wheel at 
each end, and a wood one marked o, covered with doth, 
and over it a smooth leather. There is an assisting roller, 
marked h, of fluted iron. These rollers are supported by 
their axis, turning in the slit marked 2 of the piece of 
wood marked m (Fig. 3), which is here separated from the 
end of the frame marked 8, to show the rollers which work. 
The rollers marked o and f are squeezed together by 
means of the lever marked p, and ite weight, marked k* 
(Fig. 3). The roller marked u is pressed to that marked u 
by its axis acting upon the inclined plane marked x 
(Fig. 3). There is a rubbing roller covered with woollen 
cloth, and on its axis is a small wheel, marked i, driven by 
the wheel marked s. This roller rests upon the roQer 
marked o, and by its motion prevents any dirt or fibrra 
from adhering to it. There is a cloth, x, revolving over 
two rollers marked o o, which has motion given to it from 
the wheel marked c by means of another wheel marked v. 
This cloth moves at the same pace as the surface of the wheel 
marked a. There is a supporter, marked y (Fig. 4), of tht> 
axis of the wheels marked o p, but is removed, in order U 
show them : it is fixed by its mortices in the tenons marked 
z z. The roller marked b is kept in action by its endeavour 
to slip down the inclined plane at the top of the pieit' 
marked y, thereby pressing against the revolving cylinder; 
and another piece, similar to this, must be understood t» 
support the other end of the rollcr*s axis. By the nde «>f 
this rcvohdng cloth is a table placed, of the same length 
and breadth as the cloth is, to which belong two 8m<v>th 
cloths or leathers, of the same size as the table. Tht' 
machine being thus prepared, the attendant or workman 
must take a quantity of hemp, tow, flax, or wool, more or 
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•8, accordJii^ to the finencaa of tho thread to he made, and 
lay or 8]>rcad it evenly upon one of the smooth cloths on 
the table, then pl/ico it on the revolving cloth marked n, 
motion being com- 
monicAted to the ^ 

roller marked f by 
wheelwork, as used 
from a water, horse, 
OiT other kind of 
mill, whieh whe<*l- 
work is communio 
caAed to the wheel 
marked n, on whose 
a^ia 18 a nut, which 
taraa the wheel 
marked c; and 
thereby the cylinder 
marked A moves, 
and with it all the 
rollen, by which 
motion the hemp, 
tow, flax, or wool, 
ia drawn forward. 
The cloth turns 
down, but the hemp, 
tow, flax, or wool, 
go upon the cylinder 

marked a, under the roller mrtrked a, and so forward under 
an the rollers marked i>, thr^n fal]« in between the roUers 
marked o p, turns tinder the roller marked o, and over the 
roller marked m, which, as it gives the rollers hold on the 
hemp, tow, finK^ or wool in two plateii, enables them to 
tlrag forward the long^ fibres 
thereof, though many of 
them are to draw from under 
the 4th and 5th of Iho prefls- 
ing cylinders marked i> ; it 
then falls into the eaniater 
marked r, and as both wheel- 
work and roll its marked 
r o u move three times 
fiuter Hum the doth and 
cylinder, the sliver must bi^ 
three times longer th:iu 
when presented. By the 
timu this is drawings, the 
oihi?r cloth ift filled with 
hemp, tow, fiajs, or wool, as 
before, and laid upon the 
t^erolring rollers, and laying 
the end of the flux, tow, 
hemp, or wool, over the end 
«i the other, which goes 
forward as before, and thus 
the continued alivcr is pro- 
dnced so long na the 
machine is in motion. But 

in order that this sliver may come out of the canister 
marked k without entanfrlement, it must pass through an 
jnttrument marked 5 (Fig. 3), placed over the rollcra 
marked r o, its open side marked t to the cylinder sup- 
jHMted by its ends, marked v v, in tho slits marked w of 
Ihe hefore-deecribed piece marked k. The aperturr^ 
marked x ia so mnall as to press the fibres close to each 
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other on their passage through it to thoir passing the 
rollers, by which means they remain pressed side by side 
in the sliver, and will not entangle. These thick slivem 
^ are drawn smaller 

by aimilor processes, 
and in the same 
manner as ui^ed for 
cotton, but the ma- 
chines for drawing 
are all of the same 
structure as the 
above, except that 
they hare no re- 
volving elotli. The 
sliver ia held to the 
cylinder under the 
roller marked u, 
which draws it fc>r- 
ward under nil the 
rollers as before 
described, dni w ing 
it out or lengthen- 
ing it over various 
mu chines through 
which it passes till 
it be small enough 
for the spinning 
machine. It must be remarked that the cylinders are made 
less in diameter according to the different amallneis of the 
sliver intended to be drawn upon them at the first. 

** The foregoing several letters or marks are in the 
machine figured 1. The spinning machine (Fig. 2), as to ita 
drawing principle, is the same as the drawing 
madiine. ITie siivera are presented to it in 
cMiifltera marked a, and drawn over the cylinder 
marked b, covered with rollers marked i>. The 
fibrea which are to form the thread are drawn 
from the cylinder by the rollers mtirketl c, the 
under roller of which is miide of fluted iron, 
the others of wood, covered 
with leather. They more 
six or eight times faster 
than the cylinder marked b ; 
are enabled to draw the 
hi/mp, tow, flax, or wool, 
forward from under the 
pressing roUt rs marked i* by 
bt-mg squeezed together by 
the weights and clocks 
marked a a hooked to the 
smalt part of the roUeri 
marked c. There is a belt 
of smooth clotli marked 1, 
moving on two rollers, which 
are turned by the wheel 
marked f^ on the axis of the 
fluted roUer, at the opiHJMti' 
end of which, at the mark o, is a nut, which turuM the 
wheel markt+d ii, on whose axia is another nut turning the 
wheel marked i, and thereby the cylinder marked n, with 
all its rollers. These rollf?rs movo in curved pieces of 
wood or metal, marked k, which, to prevent confusion, an> 
not represented in thi-ir pLicey. They havi.^ slita in them, in 
which the rollers* axes are guided, but so deep as at all 



GU Of 



kJ^ 






274 



GREAT mDHSTEIES OF GREAT BRITAIN. 



timcfl to snfFcr the roUerB to press upon the cylinder. These 
rollers are covered with eloth and leather. The toj* roller 
13 about iO lb. weighty decre&aing to the sixth roller, 
which ifl only about 1 lb. weight The yam is turned by 
the q>iiidles marked i, and rubbed over the wet cloth belt^ 
if spinning linen yam, but li spinning worsted yam the 
belt must be removed, that it may not touch it aa it pciaeea 
to the flpoolf which it coils round aa faiit as the rollers let it 
out, ITie Bpindlea marked l ore turned by a belt irom the 
wheel marked ii, which derives ita motion &om the mill^ 
and by a wheel on its axis communicates it to the roller 
marked c, by the wheel marked f, and ao to the rest, &a 
above doacribed. The hemp, tow, flax, or wool, la twined 
in the same mjinnffr aa in cotton milla. 

*" In witness whcreo£« &c" 

Having secured theii* invention by a patent, 
Messrs, Kendrew ami Portboiis© at once proceeded 
to turn it to account, and with this view had a set 
of machines erected in a small building on the 
\*sa\k of the Skerae, at Darlington, which Kendrew 
occupied as a shop for giiiiding glass, Thoiigli 
neither had much, if any, knowledge of spinning, 
they succeeded so far as to atti'aet the attention of 
Berveral pei-sons engaged in the linen manufactm*e, 
who, having satiiified tliemselves that the mtickinea 
were capable of producing yam more expeditiously 
than it oottld be done by hand spinning, obtained 
lioenaes to use the macliinos. Among the fii-st in the 
field wojg Mr John Marshall, of Leeds, the fomiiler 
of what hfis long been one of the largest linen fiic- 
torics in the world. In comi*any with two ptu-tners, 
Mr. Maralmll erected a mill, which wtis fitted witli 
Kendrew and Porthouse^s mticliines. Tliis was in 
1788 ; and the mill, which was on what woidd now 
be considered an exceedingly small scale, was driven 
by water power. The concern did not realise the 
exjjectations of the tii*m ; and Mr. Mai-shall, who 
had a clear knowledge as t<5 what was r*X|uiBite for 
the success of machine ai>inning, applied liimiielf to 
improving the machines. The progi^ess he made 
encouraged the fimi to fuither entei-piise ; and in 
1791 a new mill, Laving a floor sijace of 1,000 
square yaixls, wa« built at Holheck, Leetls, In 
this case the machinery was also driven by a 
water wheel, supplied by an atmospheric engine, 
Tljis ai'rangement was common in those days; and 
one looks back with wonder to a time wlien the 
steam engine had no higher task assigned to it than 
to piimp water fi-om a low to a high level, in oixler 
that it might be i>owed upon and give motion to a 
bucketed wheel. There was anytliing but economy 
in making the steam do its work in this roundabout 
way. Mr. Marsball's first iiaitnei-s left him in 
1793, at which time he had 900 Kpindles nmning 
At R satisfactoiy lute of profit It k believed, in 



fact, that this was the first really profitable 
sjmuiing mill io the kingdom. Two yeai^s lat 
Mr, Marshall ei-ectetl in the same locality a 
ha\'ing 2,500 scjuare yards of floor, besides wi 
houses and other buildings. This enterprise mvi 
have met with i-emarkable encouragement, for 
1797 Mr. Marshidl and his partners built at Shrew 
bury a hu-ge mdl, fireproof throughout, whieh 
still in the occu|>ation of Messrs. Marshall and 
In Bubsequent years the extensive establ 
owned by the firm at Leeds were erected. 
Mai*shall s example was followed by manufi 
in various parts of England and Scotland, and 
the macliines came under the notice of perwHUi 
superior mechanical skill, they wei^ gradually 
proved- Mr. James Aytoun, of Kii'kcaJdy, 
ti'ibuted largely to this work. He had been 
to Manchester to accjuire a knowledge of 
spinnings and while there heard of the invemtiaQ 
the flax-spinning machine. Shrewdly guessing that 
a fi-eah field of enterprise, in which he might 
fully engage, wtis al>out to be 0|)ened up by 
invention, he proceetled to Darlington, and a] 
himself to studying the machines. He wa 
long tliere when the knowledge of cotton 
which he possessed enabled him to suggest v 
impixjvements. Having accomplished the object 
his visit. Ml*. Aytoun obtained a license to 
four spinninfij frames of tl*irty*fiix spindles each, 
with this he retui*ned to his native countryi 
established a factory at Kinghom, where he h 
a long and prosperous career as a flax 
Kendrew and Poilhonso, after working in 
ship for a few yeai-s, embarked in seiiarate eat(e^ 
prises, the fonncr building a mill at Houghton, and 
the latter acquiring a similar proi)erty at 
both in the vicinity of Darlington- Porthonse, 
are told, was a quiet, retiixxl man, and left the 
management of the miU chiefly to hia wifo, who 
was an able, active woman. She attended tl» 
work daily, from morning till nighty going 
with tools iti hand, shifting pinions, and 
other little and necessary pieces of work as 
ordinary manager would. 

A good idea of the form of the earliest flax- 
spinning machines and their mode of upemtioiii, 
nmy be deriveil from the specifications and drawings; 
how they have been iinpiK^ved ujkju will be leami 
from the following description of the mac^unes and 
processes now used in flax mills. From iEe 
ling i-oom the flax passes to the spreading, or 
drawing machine, which consists of an rndl( 
apron, wliich conducts the flax to a pair uf 
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rollers, where it is comlMMl^ and gi^diiiJly di-awn 
forwanl, by a series of tl1l^ ulliiig cuiiibs of pecyliar 
construction, to two sets of dniwing rollei-s, wliirh 
elongate the sliver, and posa it on to the Ueliveiy 
ixjllei^s, whence it drops into a can. Tlie apron in 
tUviJed longitutUnitlly into four sections, corre- 
sponding witli the iinmljer of alivei^s to be fonned. 
On each of these divisions the attendantn <jf the 
machiiie pla^^ the 
(lax in an even 
hiyer, one end of 
each bundle over- 
laying the other 
to the extent of 
three-foiirths of 
it8 Jength. As 
ilia flax is drawn 
along on the 
apron, it is seized 
by the first paii- 
of I'oDers, which, 
moving at a 
slower rate than 
the other j)ai*ts of 
the niacldne, hokl 
the lliix, m it wore, and only give it off gi-iadiially. 
In front of tlie holding-roUei-s ai'e the comijs» which 
travel in a i>hme, and, disentangling the fibres 
and bringing them into piutdlel order, cany them 
forward to the drawing rollers. The combs are the 
most imfiortunt part of the machine, and in their 
]iigh<^t doveloi>ment display very considemblo in- 
genuity. 

It is desiiuble that the flax should ha sMbjecte*! to 
the action of the comb at the nearest ixjssible i>oint 
to the holding rollers, so that the draw may take 
efiect while the fibres are firndy ret^uned in tho 
grasp of the roUei-s, and to meet tliis i-eqwirenient a 
variety of modes have been invented. One of 
the earliest of these was the chain-gill, in which 
tJid oomba were attached at either exti-emity to an 



entUesa chain. This was followed by the screw-gilli 
which, after imdergoing vaiious modifications, may 
now be pronounce*! |>eifoct. In this machine the 
combs are made to travel by the action uj^kju their 
extremities of shafts furmshed with a screw-tht^ad. 
On reaching a jwint near the drawing roUej-s the 
combs drop in succession to a lower level, wliere 
they are received on a second pair of Bci*ew shafts 

and carried back 
to the holding 
rollers. Here 
they are raised 
by a pail* of cams 
to the higher 
level, ai^ at on 00 
broug!it to bear 
on tha flax, and 
again travel to the drawing 
rollers. Their motion is 
nearly similar to what it 
would be if they were fixed 
in an endless chain, but it 
has the advantage of admit- 
ting the condiH to begin their 
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work at iJie closest jHJsailde 
j>oint to the holding mlleiu This ingenious con- 
trivance is the invention of MfssT's. P. Fair- 
(»aii"n and Co., Leeds, mIio have devotetl much 
attention to the improvement of flax- working 
machines. In order to bring the fibres into fit 
condition -or 8j)inning, the sJivers formed on the 
spreading machine are passed thi*ough the ^b-jiw- 
ing machine several timesv This machine is 
similar to the spreader in every ix?Hpect, except 
that it is fed with si i vera instead of loose fliix. 
Usually eight slivers ai^ jjut thi*tjugli at a time, 
and elongattHl until they ai*e i>?<luced to the sixo 
which one of them presented originally. After the 
last drawing tlie slivers are fed into the roving 
machinGj by which tlu^y are twistetl into a K*>ft cord, 
and made ready for the final operation of spinning. 




IRON AND STEEL.— IX. 

CEMENTATION — CAST STEEL. 
Bt WeLLIAM DlNDAS ScOTT^MoSTClUEFr, C.E. 



HITHERTO we have spoken of the treatment 
of iron in its relation to earl^on, either by the 
blast fnmace or the Bessemer process ; bnt there 
is another method of altering its chaiucter known 



as cementation, which is so interesting that we must 
devote a short space to a description of it Tliia 

j»rocei?8 seems to have been unknown to the an- 
cients, and fii'st accpdred a scientific and oommei-cial 
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im[)ortttnce in ihe early [mrt of the lost centmy, 
when it was niticli talketl of ixa a wonderful dis- 
covery for convei-tLiig bad iixin into good. A number 
of lidventurers, who became possessed of what they 
professed to be a great secret, made all sorts of 
proposals to capitalists by which they were to make 
foitnnes as if they hud discovered a new El Dorado, 
and even brought their projects under the notice 
of the French Court, which led to much discussion 
at the time. It seems to have been the nnscientiiic 
iriaiiner in which the process was sfioken of, and 
the unscrupulous uhai-acter of the men who professed 
to understand it at this period, that led to a ftdl 
inquiry having been made, in which Reaumur, the 
famous French philoso]>hev, took a conspicuous part. 
In spite, however, of the attention whiah was given 
to the subject at that time, and the interest that 
h&s been attached to it ever since, on the pait of 
the leading men of science in Eui-oik?, cementation 
still remains nearly as gi'eat a puzzle as ever. Al- 
though we are well acquainted with eveiy detail 
of the process, we ore still unable to say how it is 
that certiiin effects follow from their apparent causes. 
Chie of the most honest investi^tors w*ho ever wrote 
n|>on this 8iil>joct — Gay-Lussac — in cnticising the 
views of certain persons who had come to rash con- 
chisiona, states that he sees no reason to suppose 
that the process of cementation is altogether inexpli- 
cable, but at the same time he seems to be unable to 
exj>hiin it by any theory consistent with the state of 
knowletlge at the time* Dr. Pei*ey, whose anthoiity 
we have so often had occasion to quote, was a pujjil 
of Gay-Lussftc, and beai-s testimony to tho value of 
his master's views ; but though he himself made a 
long seiies of experiments, he was unable to aixive 
at any conclusion that ixtinted clearly to the way in 
which iron that has previously been deprived of its 
carljon becomes impregnated during cementation. 
Briefly described, the process is as follow^s : — Bare of 
wrought iron, upon the quality of which the vdue 
of the steel altogether dej>euds, ai-e packed together 
in a kind of retort, or biick chaml)er, so that the 
whole of theii* auifaces ai-e in contact with charcoal, 
Tliey are then subjected to a high temi>eratin*e for 
seveml days, dui-ing which great experience and care 
are necessary, both in the i-egulation of the heat 
and the period of its continuance. After betug 
alJowetl to cool slowly, the bars ai*e withdiuwn, and 
are then found to be covei^ over with blistei's not 
unlike those produced aijwu the hands by rowing ; 
and at the «aioe time the ii-on has l>een converted 
into what is known as " blister-steeL*' The dilficulty 
that exLHte in tlie scientific explanation of the 



process^ arises from our igoofranoe of the manner i 
which the carbon l>ecome8 impregnated through th 
solid ij"on, as it never reaches the temperature 
melting, and all the theories about tlie carbon beini 
in a gaseous sUte quite fail to explain the puzzle 
The ancients laid down a general propo«iti<>n 
physics which they accepted as a unive 
aphorism — that no substanoe in nature could 
ujwn anothei' substance unless they were dissohre 
or reduced to the fluid or gtiseous state; l>itt 
pit)cess of cementation affords an instance of ti 
solid bodies acting thitiugh their BoUd conditiin 
Gay-Lussac, in summing up his remarkjs u|>uu 
process, says that we have no reason ta sui>| 
that the ancient proposition is true, but that idJ 
can afiSim is, that the solid state of matter is 
one which is least c?q>able of undergoing 
change in its constitution. 

After the " blister " steel has been removed : 
the chai'coal, it in cut into small pieces, and 
mei^ very much in tJie same way as the 
that we have already had occasion to speak of wlie 
describing the forge. When it has been di'auii uu|| 
again into bars, it is called ** shear" steel, and wbraj 
it has been again suljjected to another counse d 
treatment in contact ^ith charcoal,mnd re^hainmc 
it is called *' double-shear " steel It was in thii 
way that nearly all the steel used for tl- 
factut^es of Sheffield goods was manufactn 
within the last fifty years, when another |ii 
was disoov^ered. Tlie product of this meUiod 
known as cast steel ; and there is» perhaps, no 
pai-tment of the iron tnide that has led to a j 
amount of invention, or that forms the 8ubjc<<i 
a larger number of patenta It waa no aoonn 
known that by melting fine Swedish \ 
or ** blister '* steel in a crucible, and hi 
while the contents were in a state of fuaion, a 1 
quality of steel might be obtained, than almotll 
every manufactm^r, however ignoi-ant, thought him- J 
self justified in patenting some particular mixtan%l 
or some insignificant detail. The first inventor oil 
the cast steel process seems to have been Benj«inin| 
Huntsman, who was lioni in 1704. He was a1 
clock-maker of Doncaster, and i*etained the 8f«itij 
of the manufrtcture until it was disoot'Cftsd by ») 
knave who disgidsed himself as a Ix'ggar, and firinnd | 
a night's shelter in the caating house. At thai 
[u'oco.ss was conducted very much by rule of thumU I 
and as the most skilful workmen, w*ho wcr& hwij 
able to connect the appearancee of the tneial in a I 
state of fusion with tlie quality of ihr material pro- 1 
duced, had an advantage over all theonsta who won 
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tina^cqitainted witli the jiractical working of the 

i|iieltijig'[)ot, every mii«ter lyelieveil himself to 1)6 

nMe to pro<luce lietter steel tIiAH any one ehe. It 

:>l lowed from this that the steel mmaifucture of 

iBIieffield ceiused altogether to be connected with the 

r 'Well-known advances wliieb hiive been made in the 
ucieuce of metallurgy, and still remains to a gi-eat 
extent in the hands of empti'ics who have never 
dejiended n\Myn any more reliable foiui(lation for 
ilieir business than the skill of a few highly-piiid 
woi'kmeu. But although tlie steel manufactui-ei^ of 

I'Slieffield eagerly gnisped at the new method, they 
Infused to I'ecognLse the claims of another \in^ 
ftti-tunate inventor, and foiTued one of the roost 
t^xntlalous combiJiations that ever existed to rnin 
be fortunes of the man to whom they wei^ solely 
indebted for the discover)*. The famous litigation 

l^diich arose out of the patents of Heath, the in- 
ventor of the process for producing cast steel with 
manganese, is one of those instances— fortunately 
few— in which the jndgment of the Supremo Court 
of Apj)eal in this ooimtry is open in its scientitic 
fisi>ect to the gravest ciiticism. It aflbrded 
opjxrttunities for at least one learned and famotis 
judge to prove the tnith of the pi-overb that in 
H4:i€»nce, as in other tilings, a little knowledge is a 
clangemus tkiug, and the only i-easonable conclusion 
to be anived at now is, that if the scientific know- 
l*Hlge of the Bench had been sounden it« deciision 

I Would have been dltierentj and that one of tlie most 
desening inventoi-s that ever made tliis country his 
debtor would have obtainetl a well-merited reward. 
It is not easy to convey to the miud of the genei*al 

.rtvuler any veiy clear idea of the issue involvetl in 
t!iis famous law-suit, but» briefly stated, it mny be 

l|iut in this way : — While Heath discovei^d that by 
Aiding a mixtui^ of carbon and manganese, which 
i»ay be calle<^l carburet of manganese, to ** blister " 
tteel or Hwedish iron while in a state of fusion, tine 
snst steel could be pi^duced, he patented tlie pre- 
jtiration as it waa before being thrown into the 

Icrucible. It was discovered by another steel maker 

■that the sanie I'esult waa obtiiiued by adding the 
substances separately to the molten contents, and 
it was u]x»n this that the combiiiiition was formed 
for the puqxjse of opj>osing Heath's claim. It 

-appears, however, that the only possible way of 
icconnting for the similar i^esults that foDow either 
from first mixing tlie substances or putting them 
t^jmrately in the melttug-i)ot is, that the same 

loumbination occnre in iKith cases, and that thei'cs 
tore any value that Heath's [intent may have had 
equally a[iplicable to either method. The 



analysis of molten metal is, however, 
beyond the capacity of e%T?n the most skilful exJ 
peri men talis ts, and so a presumption, which oeve 
really existed, was introduced with the effect 
throwing out the unfoitnnate inventor aitogetherJ 
"Within a short period of the dlsooveiy ot Hcftthll 
method, vaiious modifications of the substaooes 
be added to the molten chai^ were proposed^ 
but his discovery is the only one that has ren 
of i>ermanent value. 

As the dimensions of the api>aratus 
for producing cast steel ai'e regulated more 
less by the size of the ingots which are cact 
hammered, and as these ai-e generally^ mnaDf 
cast-steel work does not imply any very extensive 
api»lication of machineiy. The crucibles in whic! 
the "blister" steel, or Swedish iron, ia meli 
are geneiully about D inches in diameter across thi 
mouth, iuid about 18 inches in height. They i 
made in moulds of some refmctoi-y material — and 
m plumbago, which is capable of reaisttng a ^ 
intense heat — and require great care in dressiiig, i 
any emcks are, of course, fcital to their uaefull 
The furnaces consist of square chambeni nu 
below the level of the fioor of the casting bou 
and are placed i-oimd a tall chimney, with which 
they communicate. Each of these chambers 
capable of containing one of two crucibles, and 
provided with fire-bars at the bottom. The crucib 
is filled with small pieces of iron and steel 
have been previously weighed; and gi^eat imp 
ance is attached to the propoiiions of the difies 
kinds of material, as it Ls belie\*ed that an eqaaUi 
good quality of steel may Ije pi"oduced froon 
infericu' charge if the pm}ier " mixture ** ta \ 
This ia not likely to l>e tlje case, however, as ai 
of the deleteiious substances, such as sulpbar 
pliosphoniB, which exist in bad iron^ are prolmbl|| 
never got rid of in the melting-jKit Tliis is go fu 
canietl out by a saying of the trade» that if tij 
^' devil goes into the pot, he is sure to oome 
again," When the crucible ia placed in tlie fu 
or chaml>er iihv/^dy refen^ed to, it ia packed 
with coke, the combustion of which soon raiaes tli 
heat sufiiciently to melt the charge. From tinw^ 1 
time the lid of the furnace, which is on the* le%i*I < 
the floor of the aisting house, is removed for tlii 
purpose of in«i>ecting the melting content* of ilrt 
crucible, and also for the pui-poee of addlag fti< 
The workman whose office it is to attend to Uie ( 
ing of the ingots, is generally poiEieRBid of mo 
tluin ordinary skill and ex|M*rience, from thi 
that the apjiearance which the melted coat 
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tlie crucibles present during tlie process of ** con- 
verting/' is the only means of judging of tlie proi^r 
time to add the carbon and manganese, or to remove 
the pot from the furnace altogether. Tliis last 
operation ib performed by means of a j>€€iiliiir- 
sliaped pair of tongs, with which the cmeible is 
cJafiped. While held in tJds way, the melted oon- 
tentB are poured into a cast-iix>n chamber, not unlike 
a large and eJongated bullet mould. As soon as its 
contents are sythciently cooled, the mould, which 
13 formed in halves, is removed^ and the ingot is 
then ready for further treatment This consists 
only of being heated aud hammei^Hl. An o|jen 
heailh, not mdike a blacksmith's, but inclosed as 
much as iJOesible by coverings of sheet ii^n, to 
protect the workmen from the heat, is the appu-atua 
ordinarily employed for heating the ingots to a 
tempemtui-e that renders them cajjable of being 
drawn out under the blows of the ste^m hammer. 
It is this ditLwing pix>cess that taxes the skill of 
the workman more than any other oi*enition with 
which the writer Ls acf[uainted. The ingot8 refpiiie 
to be drawn out into bai-s of various lengths and 
of diiferent sections, according to the purjiosea to 
which they are to be afterwaitb^ applied The most 
<K>mmon sha|jes are ixjund, oval, sfjuare, oetjigonal, 
flat, aud flattened oval. It is, of ooui'se, necessary 
that the bars ahonld be [jerfectly symmetrica!, and 
some idea may be foi-med of tlie amount of skill 
and practice which are necessai^y for pi-oduciog 
them, from the fact of their beii^g pix>^luceii solely 
from the blows of the hammer; and although an 
assistAnt stands ready with a gauge to enable the 
hammerman to know when the pTO[)er diameter of 
the bar has been reached, still all the faii*ness and 
finish are due to the con-ectness of his eye and the 
dexterity of bis hands. To enable the bai' to be 
passed rapidly backwards and forwanls imder the 
blows of the hanmier, tlie hammennan is provide^l 
witli a seat suH]>cnded from the i-oof, Muth which 
he can swing himself i-apidly to and fro, with his 
feet just touching the gi-ound, and being, in this 
way, able to sway himself speedily backwaixls and 
forwards, all the iii^gularities are grathudJy 
^diminated. 

In the old days, before the introduction of the 
steam hammer, the di-awing out of steel bars was 
jtei-formed principally by water power acting upon 
the helve hammers, which liave ab-eady been de- 
scribed in a previous chapter. The blows required 
being ao fre<juent, a moditication of the oi-dinaiy 
steam hammer was soon iiitiwluced, for the U^uefit 
of thifi particulai* industry. It consisted of making 




it self -acting, so that when certain valves are ad- 
justed in a particular manner, the steam, acting 
upon the hammer, causes it to act continuously at 
any desired number of strokes i»er miimie, and with 
any intensity that nmy l>e required from time to 
time, according to the nature of the work, in this 
way the attendant, instead of mo\ing a lever at 
each blow of the hammer, simply a*ljusts the self- 
acting mechanism at the signal of the hammerman; 
and in iinishing a Ijai' of cast steely when the bistro 
of sui-faee i)eculiar to this process is brought out, 
the hammer is vibrating at iis much as two hundred 
strokes i>er minute, and falling so lightly as not to 
produce the eliglitest miirk or flaw. For square 
bai-s notliing is needed but a smooth anvil ; but for 
round or octagonal bai*s, blocks are used that give 
the necessary form. 

It would be iuqwHsible to give anj^hing like 
a full list of the purposes to which cast steel is 
applied, as they include the whole range of eveij 
article that comes imder the head of cutlery, not Xa* 
speak of the tools of nearly every ti-atle or handi- 
craft in the civiliaed world. For the inferior sorts 
there is an inmiense demand in masons* tools, which 
wear out very mpidly under the constant blows of 
the mallet J and also for the larger tools required by 
quarn^ueI^ in the sljaj>e of picks and "junqfrei-s" 
or jiointed rods with which holes are drilled in 
rocks for the intioduction of gunpowder or dy- 
namite. The picks, for the most imii, are made of 
iron pointed with steel — ^genendly " blister " sU-el, 
obtained from the process of cementation, as it is 
more capable of l^eing welded to iron than cast 
steel; though there is one description of the latter, 
known as ** welding cast," which is l>est of all In 
giiinite fjuaiTies immense quantities of steel luio 
used, as the hardness of the mateiial soon weam 
out even the best tools ; and there are no men 
l«3tter judges of the pmcticii! merits of good st^nd 
than the smiths wliose constant lalwur it is to keep 
the tools of a large granite quany in repair. 

By some causes that are by no means easily 
accounteil for, the manufacture of cast steel and 
blister st^el is almost entirely coutined to Sliettiehb 
This, no doubt, arose at one time from the set*ret 
maimer in which it was eonductetl, as all who were 
anxious to get iuformation natundly went to the 
only town where it could be obtained ; but even 
now it seems to be the natund home of the industiy 
In Scotland, where the iron trade has liecome sft 
extensive, till within the hist few yeai's there was 
only one small steel work in existence, and ^hat 
was worked by water j>ower only. Since then 
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the partnei-s of the oM concern have become con- 
nected with two other establLshtaeiita, bath very 
favonrably sit^nitftl ; Init neither of them give any 
jiixiniise of heing tible to establish u footmg tlmt 
will ever comjjete with the inipoi-tiitioiis of JShefliekl 
in respect to quantity. 

At present good eoht steel is the most expensive 
of all fonns of iion, that which ia used for engineers' 
tools costiJig from J60 to 470 \wt ton. This arises 
from the high quality of tlie material necessary for 



manufactuiing it, which is almost invariably 
Swedish charcofil iron, and alao from the laborious 
manner in which the bat's inquire to be hammered. 
It is, however, jiLst within the range of poisi- 
bility that improved methods may lead to its 
Wcoming much cheaper; and there is none that 
would affect the cost more mateiially than ih© 
process of i-oliing, which has done so much in other 
depaitmentSi and which forms the subject of our 
illustration. 



WOOL AND WORSTED.— VIII. 

CARPETS AND HEARTHRUGS. 
Bv WlLUASt GlBHOX, 



STUDENTS and antiquaries differ widely fram 
the genei'ul riiu of men as to the olijects and 
piaceH round which centre veneration and aiiectioiL 
To the former the etymology of a woi-d, an aged 
ruin, or the mark iq>on a piece of faded china, 
(>|iens vjist vist4is of visionaiy verbinge, whereas the 
latter tlon*t care who built the Great Pyramid, aiul 
sleep none t!ie le8s soundly though tliey ai-e nrinble 
to decide between diwpiitants ix>und an Etruscan 
vase, as to the true i-eading of Bome tjueer hieixn 
glypliic. Ttie wonl ** carpet " would mount the 
memory of the former on the fleet wings of fancy, 
and the wondering listener wouhl hear goi^eous 
drscnptiouB of ilie pahicea of the Pharaohs, the 
teiaplea of Heliopolis, the intenors of Babylon, 
the myal i-esidence at Shushan, the castles of 
Imlk, the hai-ems of Moslem kaliphs, the jmlatial 
Intuitu of the tiiTstocracy of (ii-eeee, or the artistic 
decomtifuis on wall iind Hoor of the houses of the 
[latrieians of Rome. They would tell how the 
l^yi^tian priesthood had their saci'ed rugs to adorn 
the sficraria of their marvellous god-houses ; how 
the proud nilersof tlmt ancient land it-od on "velvet 
pile " of ingenious and cuiming work ; how in the 
IMilaces of Babylon the guests of despotic sovereigns 
lounged ufK>n rich carpets, and widked over price- 
less works of textile art; how the gr-eat men in 
th« times of blind Homer laid do\m six)tless wool- 
work on then- rich marble flooi^ ; how that thought- 
leas s|)endthrift Ijihicnites, as Ptoleniv Philadelphus 
iufortus us, at one of his most lavish banquets, 
underneath two hundi*ed golden couches " sti*ewed 
parjile caqK*ta of the finest wool with |iattems on 
l»oth aides, laid haudsouu'ly broidpivd rugs of tlie 
Mime material, enriche*l with Wautifuliy elal»oi*ated 



figm^es^ over dais, stool, and table ; and covered the i 
centre of the flooi-s, where the guests saunterecl] 
with beauty hanging on their ann, with thinj 
Persian mats, having upon them acciuiite repr&-l 
sentations of men, animals, tmd fabulous monsters,! 
cunjiingly worked by nimble lingers." They would 
wax eloquent on the glories of Tyrian and Sardinian ] 
dyes that sliimmei'ed " Ijeneath the ivory-footed] 
couches pui-i»le cushioned/* referred to by Plautu3,| 
and the rai^est learning and profoundest research] 
would be exhausted in order to convince the Iw 
tener thtit in art, deflness, and genins, iheae 
called rude and primitive men were our snpedorsl 
in almost all branches of ai-chitectural design, a©4* 
decoi-ative furniture. But all that would be wotm 
than Greek to the matter-of-fact Englishmjui, audi 
he might turn upon such rhapsodies and decUrs 1 
to him the prosaic factory, built of red 
standing in one of our Lancashire towns, and i 
iiig out aimually thousands of yards of *• BrusseKl 
ening at once against all laws of taste and d«|gii|| 
was dearer to him than *Hhe cloud-capped towers and J 
gorgeous [lalaces " of far-off times, l>ecause in 
commonplace building had lalK)ured a man 
name is loved or i-eapected by every Briton — l 
John Bright, " the People's Tribune." 

Our Saxon foi^efathers were content to 
their floors with sweet rushes (Acortt9 calamus^ 
and down to the time of the seven th Harry liti 
otlier coveiing was popular. There wer 
tiona, however, made m inspect of presence chaml] 
of kings, private i*ooms of nobles, and the sanctui 
of the abbot These were ooverwl at first wit] 
€ar^>etsi made first of all by long thongs of leatl 
interhiced, and then by pieces of cloth iroatod 



WOOL AND WORSTED— CARPETS. 



281 



\ 



I 



the same way. In one of the most valimble MS8. 
in tlie British MiiBeuin — Sir Johii Lyilgiitf s Life 
cif St. Edmund, jirofiiseij illastrated with coloured 
drawings — ^we find the bed-i-oom of the saint covered 
with H checkered air pet of green and bhick — like a 
chess-lxjard ; and a hearthrug of Gothic design, in 
gold and black, Ijefoi^e the roariiig woo*! tii'e. As 
this vellum book was ^viitteii in the fourteenth 
century, we know that cari^ets wei-e ah-eady in use ; 
but it was the Moors Avho introducetl tlie Oriental 
tloor coveiings into Wesiern Eiiro|)c% and the 
Belgianii and French that {wpularised the excellent 
imitations of scarce and costly Indian and Persitm 
worL Henry VIII. tried to luitimdise the 
tapestry manufacture in England, but failed. His 
successor, the fii'st James, had a tlourishing factory 
at Mortlake ; but it was not till 175Q, when the 
Ditke of Cumberland's conceim at Paddington was 
in full swing, that the carpet industry of this 
kingdom had its hirili. But cai'[)et weiivera have 
taken very long strides indeed since the brown 
Bjgyptian^ the tawny B«iby Ionian, or the Indian 
workman erected his loom between two adjacent 
treeSf and thi^ugh weary months, and, even years, 
perseveringly knotted tuft after tuft of coloiu'ed 
wools on the peq>endicular warp threads of his 
[jrimitive machine till the finished carpet stood 
forth a mai-vel of design and a thing of beauty. 
Axminster, Kiddenninster, and other places took 
caipets in hand laat centiuy, and faithfully copied 
EiWiteiTi designs ; but now Halifax, Bochdale, EiUn- 
burgh, Kibnaniock, and Glusgow, by the aid of ihe 
Jacquard and otho!- looms, and by Whytock^s and 
Templeton's patents, have thi-oi^Ti those early en- 
deavours completely in the shade, Fmm being a 
Itutury of the wealthy and great, cari>ets have 
become a necessity to aU, and there are few cottage 
honaes whose best ix>om ftmnot now boast a bit of 
" tapestry," *' Kidderminster,^' ** Bnissels," or more 
homely " diiigget." 

Jaoquard revolutioniaetl a gootl many textile in- 
dustries by his ingenious loom. Silk, velvet, woollen, 
carpet, linen, cotton, muslin, and other inanufHC- 
turei-s, owe much to him ; and Mr, Bigelow, of 
America, by the intrad action of his power looms — 
though the original patent has been much improved 
fiirice^ — wrought a still more wondeifid ti^ansforma- 
tion in this and other lands. Without these, caryiets 

id a good many other things might be enviously re- 
gUtW by the industnous jioor, but never posses,se<l ; 
and it ia to these tuid other iiiventoi-s that so many 
tliouauids of the hdiouriiig el-usnes are indebted for 
tbo meauH of daily earning an honest livelihood 




The Jacquard loom long held undisputed sway at 
Wilton, Kidderminst-er, and elsewhere, and on it 
wei'e woven the double, treble, fourfold, and even 
"aix-fi-ame Brussels," or the cheaper but no less 
dumble " Kiddenninster." The wortl **cai7>et/' 
philologists teU us, comes from the lUdian carpet ta 
or [)erha[>s from the Dutch htrj}et ; and certainly the 
best and earliest makei^s in Western Europe, both 
of carpets and tapestries, came from the flat strip 
of land along the eastern shoi-e of the North Sea 
known as *' the Low I'oimtries.'* 

"Brussels" caipet was finst made at Wilton, 
where it was introduced fi*om Toiirnai, in Bel- 
giimi, mther more than a ceiituiy and a quarter 
ago, and it has always held its own in public 
esteem. It was woven on Jacquai-d looms, and 
coi^ists of one to six thickuesaes of woollen 
thread wrought on a liemp or other strong back. 
Two, tln^ee, fottr, or five thicknesses, however, are 
most genend, and tlie^e usually indicate the number 
of coloui's used in forming the pattern. A ** six- 
frame " carpet requii*es considerable space for the 
machinery neeessaiy to its pmduction, and the aira 
of the niiinufacturer has ever been to give liis 
fabrics the appearance of more ** frames" than 
are actually used. Tlie ** f mmes " are, as their 
name indicates, appliances for holding the bobbins 
or reels of wool of different ooloui"s for the ** warp." 
Each '^fmme" is placed horizontally l>ehind the 
loom, and filled with reels of the same colours, so 
that, where six hues ai'e used, and each comes out in 
the jifttteni with equal frecpieuey, six fi'ames are, or 
rather were, necessary. E^ich i^eel of the frame 
contributes one wai-p thread to the cai-pet, tkiul as 
there are 260 threads as a rule in one width of 
27 inches, no less than 1,560 bobbins would be 
required in a fidl ** six-frame " cai-pet. But in 
actual working this is not necessary. For example, 
in most caqiets of the Brussels sort thei-e may not bo 
moix* than four full frames requh'ed, other coloui's 
ocemTing but ncrely in the pattern ; and in that 
cjise four fi-ames and a half only will be rerpnred, 
or fi\'e at tlie outside. Ever)" fraction of w fi-iinie 
disiKniJied with in the weaving is a saving to the 
manufacturer; and even to the expert tliere is often 
difficulty in telling how many have actually l>een 
emiiloyed. Tlie carjiet looks the sjtme, and will in 
all likelihood fetch the same price, as one to pj-o- 
duce which six full fnimes were needftd. 

Patterns in linen, cotton, wool, or flax, are all 
got in the same way. Fb*st of all the designer 
dntws his pattern, in the colours wliich the 
finial^ed protluct is intended to assume, on ]m{yer 
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divided into minute squtires, fiucli as may be seen 
in the windows of any B+?i'lin wool 8ho[) for «lip- 
pei^, cushion covers, watch pockets, tidies, or tea 
cosies. When the th-awing is compiet^nlj it is handed 
over to ** 8tami>ei's," nn occupation usually con- 
fined to young women. These ai-e provided with 
pieces of caiTlbouixl, about 14 inches long ami 3 
brotul, and, with the pattern before them» thc^y 
** stamp ** or cut, at equal distances, along tlie Jijiea 
draw7i horizon tidly on the *' caiil8," small holes for 
eveiy colouiTd srjuarc in the tirst line on the 
design. Following line by line the whole pattern, 
they stamp hole« until the caixls, which are num- 
bered, are punctm*ed accoi*ding to the notion of the 
artist. The cards are then sewn together in oider 
Ko as to fonn a flexible chain, and are i*eiidy for 
" mounting," 

** Puttei"s-on " — Le.t skilled workmen w^ho pt^- 
pare the warp for tbe loom — now get the pattern 
and cut it into a numljer of longitydiiial stripes, 
each strip of squai-es from top to bottom of the 
design repi*esenting one thi^ead in the wai'p; con- 
sequently ^ the de^signs have eiich 260 squares in 
tJie width fi'om side to side. Each waip thread, 
too, i-epresents one stitch in the woven web» Now 
let us 8up]>ose that in the pattern there ai-e four 
alternating colours, with two othei's — vml and 
yellow — occuiTing only occasionally ui the pattern. 
Tlie chief colours will need four full frames, and 
the others may be managed by a quarter of a fi-ame 
eiich, and that w^ill be a four and a half fnime 
car|iet, w^hich a goo<l artist will make look like a 
fall-size six fr»ime* The putter-on takes the fii'st 
strip of his pattern, and from the fiume di-aws 
through the ** mails '* the colour indiciited on it 
chiefly, aiiil so on with each strip till he has 
exhausted the 260 and arrived sit the op[x)site 
»elvage. The ** mails" are bits of lead three or 
four inches long and the thickness of stout wii^e, 
attache*l to cords which are eonnect<Ki with the 
** machine.*' At a |>osition in these cords 
level with the lieam of the loom am 
small brass or copper *^ eyes," tliixjugh 
whicli the putter-on dniws the threatls 
and jiaases them thraugh the corresi^ond- 
ing ** eyes " in the " heddles '* or " leaves," 
and BO thmugh the reetls attached to the ** lathe," 
when they arc tixed to the '* beam '' in frant* In the 
old days the hand-loom weaver suit with his breast 
to this be;un, and beneath him were a set of 
** treddJes " communicating with the ** hedfUes," 
anci which, when he i>re8se*i them down, elevated 
TT depresned a section of the 260 thi-eads in the 






warj), so as to tdlow the shuttle to pass in betwe 
The ** Jaccjuanl machine " is an appai-atns fixe 
to looms by which the warp thi*eads in tJie we 
are raised as required to form the fiatt 
Tliis is done by a series of hooked wires, 
a revolving perforated thiim against one side 
which the pi^epai-ed cards ai^ pi-CKsed. Where v« 
thei-e is a hole in the card, the wire opp 
it is allowed to pass into the drum. Whe 
thei'e are no holes in the oard, the wires 
pi'ess against it are pushed back, the hooked 
disengaged, and tlie threads in the warp attache 
to these remain unelevated. Row after row 
thus treated at each depi^ession of a ti-eddle, 
the whole of the curds are exhausted, and 
complete pattern has been formed in the 'y 
They are then reversed, and the process 
dt 7WVQ, The operation is repeated ** pick ' 
** pick," as stitches ai'e called, till the whole 
tern is completed, when the **cai*ds" are ret 
to their original position, and the pattern is wo 
again and again till the whole of the wfA 
exhausted, or the necessary length of dolll 
oljtained. Great care, it will be seen, is j 
l>oth in ** stamping " and ** putting-on/* for if 
giriB in one instance punch a hole where 
shouM not, or if the workman thuws 
colnui^ threiid through the ** mails/' the |Mittt' 
will Ix! a[X)iled, tie the " machine " is infallible^ i 
only liaises threails indicated by holes in the ** oards.1 
Consequently a trial jiattern is generally wovf 
when the loom is ** mounted " or prejiareil, 
erroi-s rectitied before tl»e actual o|>et^tioLi 
weaving is set about in earnest. Practice, howeve 
in this as in other tilings, makes [perfect, and i\w 
is seldom any necessity for disturbing a web j 
it has once been mounted. 

Such is the essential working of the Jaoqui 
loom for all kinds of fabrics; but '^Brussels" 
car{>et consists of a series of Ioo|ied stitchee (ii 
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Pig. 1.— Sicnov or " Bxumbia.** 
*c< Ifl tW Wrft-tbrtmd ; Ut Bhowrs bow it Ic flwl«i»c4 by tb*t Warri, 

Fig, 1)* For weaving ** Brussels*" a aei 
wHres is necessary. As soon as the requisato 
threads'* have l>een raised by the **nmchinis" to as 
to leave space between the rest of the warp 
those selected to form pattern stitches across the J 
cloth, one of these wires Is pu sited tlirmii^ ih» i 
shuttle follows with a thread of welt, &tid tine ] 
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fe pressed tightly aguinst the previous row of 
ftitc]ie& In actuHi weaving ten or a dozen vowh of 
" wires " are left in the cloth, so that no loop may 
be tlisturbed while the next is being formed^ and 
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Ffttt«ni in Fac-aimile. Warp Byed to Pattern. 

then, beginning with the fii^ insei-ted, they are 
wttliihrawn one after another as new wires are 
woven in. 

As the demand for BnisHels increased, and the 
neeeasity for cheapening carpets consequently ai-ose, 
manufacturers were driven to exjieilientB in oixler 
ta prothice simuhitions of the genuine nrticle that 
would look equally well^ be more rapidly woven, 



and produced at much less cost* Inventive geniua 
c^^me to their aid, and veiy soon the pixjhlem was 
sol veil We buve said that in "fi-ame" wrought 
caqjets tlie i^eels in each frame were of the same 
colour, and an ingenious individual a,sked why 
the cai*|)et could not be woven wliite, and by the 
aid of blocks liave the pattern inipi-essed on it 
afterwainls. This was tried, and with consider- 
able success I indeed, the Mensii*. Bright, of Roch- 
dale, we believe, tuni out much of this chiss of 
carpet, wliicb is generally known as " taj>e8try 
Bnissels," or tapestry. It has the insuperable 
disadvantage, however, which no amount of skill 
has yet Wen able to obviate, of pi-esenting, when 
tiniahed, a n»oiie or less bluired chamcter. This 
is caused by the dye of one stitch running into 
the other, especially if the one be of a dark and the 
otlier of a ligliter colour. 

Another inventor suggestetl that the *' wai-p " 
should be dyed before it was woven, and though 
this was an impi-ovenient upon the process just 
referred to, it had also its drawbacks. For every 
new pattern new blocks were necessary, and in 
coui'^e of time by tlie rei>etition of one pattern the 
old blocks woi^! out ; and the saaie bhtri-ed effect 
was genemlly the i*esult after the web was woven, 
notwithstanding the care taken to insure sucoesa. 
The ciixjumferenc^ of the wires in use being known, 
the length of warp thread required to make a stitch 
is computable to an almost intiuitesimal fraction. 
Design piper nded in accoi'^lf^iice with these calcu- 
lations is procured, and the pattern painted in the 
usual way. Here, instead of sqiiai^ee (see Fig. 2), 
the spaces are paiuUelognmis or oblongs. Cut into 
sti'i[j«, it is at once apjwirent wliere stitches of one 
colour or another would have to l)e piinted on the 
wai-pj ; and Idocks prepai'ed for the jniq>os cii*e used, 
and each thread of imttem dyed in juitches acconUng 
to the design. By this meaiLs the ** pntting-on *' waa 
rendeiwl simple, and the canis and other geitr 
lai^gely done away with ; but Uie cost of the blocks 
was still an item of expeiLse, and theiX3 %vas some 
difficidty in getting each stitch to rise exactly over 
the top of the wii-e. It wtis i*eserved for Mr. 
Wliytock, a well-known carpet weaver of Edinburgh, 
to relieve anxious manufacturei^s fixJUi their diffi* 
culty, by a contrivance which he pitentetl, tmd 
which is now genei^y in use. His gi-eat aim waa 
to piint the waqi, and yet do ai^^a}^ with the blocks. 
He mamige«l it by constructing a huge drum (see 
Fig. 3) of such a circumference that 6, 8, 12, or 1$ 
lianks of yarn wound (ipon it would cover it with 
a layer, jiist like a big bobbin with one layer of 
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tlireatl. Uoilemeatli the di*um, and iravellmg 
Across the £Ace of it^ lie laid down a .«^t of mUs 



Tig, 3.->Wbtto«'s D&tii (A J x»i> TixotraB (b>. 

ail inch or two aimrt, anil od thk plticed ti*oughs 
partiiiliy tilled with different djes^ and hjiving each 
a felt roller ninuing in sockets, so us to l>e hjilf in 
and half out of the colour. The ti*ough, its wln?el8, 
and 1*011611?, when passed itnder the dnini almost 
touched it. Now he wound his yam on the cylinder, 
took the stnp of pittteni answeiing to the fii-st warp 
thread, and fixed it to a segment of the dnnn, 
so that he might see wliat colours i-erjoired to he 
transfeiTed to the yai-n. Causing the Luge diiim 
to ix?volve till the iii-sit stitch was just over the 
rails, he pushed the trough along, and the eoloiu' 
I'oller, bi'oad enough to mai-k one, two, or three 
stitches as i^equired, marked the yani in its passage. 
By an apparatus the cylinder turned so as to hrmg 
the next oblong stitch over the mils, and the trough 
of that colour was nm under as before, till the 
whole yai^n on it wn.s dyed exactly as the strip of 
design. Tlie Siune operation was rei>eated with all 
the thiTaiLs till the pattern wa.s complete 

The yam ib steamed to make the dye enter the 
pares of the wool, but the necesRity for doing tins 
^MUes the oolonra to *' run '' less or moi^. The 
steam eil threail is then wound round a hot cylinder, 
handeil to the " setter on," warped, and monnted 
on the loom. Tlie Crossleys, of Halifax, are the 
chief piTMlueors of this class of gooils, though many 
thousandB of yiivda are turned out annually in 
Kiddomiinster, Lancashii^, and different |>artB of 
Scot hind. 

** Kiddemiinster/* or ** Bcotcli carpet,*' as it is 
sometimes avlled, wtis originally maniiiactured in 
the town from which it derives its name ; hut now 
it ig chiefly nuide in Yorkshii^e, Durham, and 
Seotland. Tlieao ai'e either '' single," ** double," 
or ** thitje-ply" textni^es. Mr. Tliomas Morton, of 



Kilmarnock, was the man who gave an impettid to 
this class of manufacture, by devising ap[iliaiioei 
for improving the quality of the gooda In < 
to strengthen the material itself, and at the i 
time to inti-oduce a gi^eater variety of colour, he 
iiseil tliiM=?e war^i webs ijiatead of twOt The Kidder- 
minster has a plain figured surface, and tlie pattern 
appears on both sides, lighter above and darker 
beneath. The same macldnery used in weadng 
Brussels is bix>ught into play for the making of ' 
Kidiler minster, except the wires, for the smface is 
not ^ looped," but plain. 

" Wilton,*' or velvet-pile caq>ets, ai-e all made 
on the tapestry principle, the only diflerence Ijeiiig 
that, as the wires are thicker, the i)attem squares 
are moi*e oblong, and the length of warp is conse- 
quently increased. Tlie wires used for ** Wiltona" 
are not ix>und, as those emjiloyed by such a firm «3t 
tliat in Halifax for " tai>esiry," but ai-e Hattened 
along one side. This flat part of the m ii-es haft to 
be kept at the top of the loop, and when ten or a 
dozen " picks " have l>een uccomplishecl, a knife 
passes along and cuts the loop in two. Tins fontts 
tlie pile, which is comK»ed up jmd shorn, so as to 
l>resent a uniform suiface, by a machine veiy simtlar 
to that used in the cloth factories (see Fig. 4). 

**Axminsters" are really ** Wiltons,'* biitinthe?* 



Tig. 4--SKCTION or *' WlLTt>3l/* 

Ptwt of Loc'pB cui ani\ alKtm *, Uitvr uttntt. 

the method of weaving is very different. Tint 
patent " Axminster " is much deai-er than the 
ordinary Wilton, because for the most part hand 
woven, ajid this i>^ the only kind of carjiet that am 
be made so as exactly to fit various shaped room^ 
without destroying the unity of design. It is in 
every respect a nearer relative of tlie true Orimital 
than any otlier cai*pet producoii in Europa We 
owe it to the ingenuity of Mr. James Templetoiv 
of 01a.*?gow, who patented his jjrocess m 1839. 
Tins process produces hearth n»gs, chair covfrr^ 
conch covers, caii>etB for oblong, squt^re, thnr- 
cornered, bi;«irre'Shai^ rooms, for cabins of ahipi, 
altar stejxs, chuR-h saciyirin, 4kc«, of the most gOf* 
geous and Ix'aniifid designs in all the cxiloiim ti 
the rainlx)w, in Persian, Indian, Oreok, and Koauui 
patterns, from the hands of such masterB of deedti^ 
tive art as Farrie, Owen Jones, Digby Wyatt, and 
othei's. 

Templetons |mtentj like tlie majority tt grinl 
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inTentioDB, is very simple iii theory and adapUible 
in practice. Instead of dyeing the warp, he weaves 
the fjattem iii the weft in audi a way that the 
most delicate shades and combinations of coloui's, 
as well as the most intiicate patterns, can be pi-o- 
diiced ; and, when finished, are as shaip in outline 
jind OB perfect in ejimn%ble as the design when it left 
the stadio of the decorator. The ilesigiis ai'e pre- 
paid in the usual way on pa|ier nded into squares, 
as in Brussels work {see ¥h^, 5), These designs 
ai'e then cut across the squares 
from selvage to selvjige, instead of 
lengthways, as in the cjise of the 
Bnisscds mjinufacture, Tlie strips 
ai'e then fuKtened together I'iglit 
and left ;dternately, so as to form 
a continuous iiljlx>n. Alternately 
we say :■ — Tlius, the right-lmud side 
of the second row of squai^es ^ _^ 

is attiiched at the right of 
the til's t, the left of the third 
to the left of tlie scx*ond, the 
right of the fom-tli to the 
i-ight of the third, the left 
of the fifth to the left of the 
fourth, and so on with the 
whole pattern (see Fig, 0), 

They ai-e now handed to 
weaver, who has a warp, 
fonr thi'tads heing close together, 
and such a 8|wice between each 
set that, when the matenal 
woven is cut lengthways 
(see Figs. 7 and 8), a kind 
of woollen ** rush " — as 
miliiiierH would 



Then the next square, which may be some other 
coloui', and so on with each square till she i^eaches 



b b ft 6" 

Fig, a— Ctrrrnfa thb ••Ch«killk" Wkil 
CttjTlu- JiiiUe*; (&wOxnrtl<ni In whicli tljt'y tut tbv "ClieafMc.'' 

the end of the lirst width. These strips are called 
*' chenille'' (see Fig, D), jiud, after being cut, they are 
wound iq>on spook, cai*e being taken to biing the 
two sides of the clienille togetlier into one " pile." 
As many of these chenilles as ore i-eqidred for a 
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FiK, ».— STBfF or *' CBXiffltU^l'' CtfT. 
(rt} Thr Wirp to wliirji tt !■ wuvrti; (^> tiic Wcfl wlilch Noda le \Jk Jt« iiloM. 




I female 
sets of 



coDijdete carpet iire woven, 8ix>oled, and handed 
over to the w^eavei-, who has only to psias them 
backwarfls and forwaitls lietween tlie wiir[) threads, 
follow each chenille by a " pick '* of the same matcv 



— as i 



I 



say — IS 

^iSrSS'Scii?' fonned, firmly woven at 
^'wSItoS.'^' the centre. She then takes 
the fillet sti'ip and the 
first stitch in tliat strip, which we shall sui»[)ose to 
be green, and with a gi^een shuttle weaves three or 
four rows, so as to get the thickness of pile recpiired. 



-n 



jmrnsyivmn:. 



1 



a 



Fig^. 10— Smctios or '♦AxuTMBTim,*' 




t 



Pijf. 7, — " Cbemillk " t!f WrB, 
l«) WurpThretdii; ibi C^itouix-d W«!ft woven In. 



rial as the warp to keep the row in it.s place, and 
fasten it, and the peifect patteni will lie prochiced 
(see Fig. 10). Cai-e, of coun%e, hjis to l>e taken 
that each selvage is exactly place<b tliat the pile Ih 
properly combed U|i over the warp threiuls, anel 
that each row o£ chenille is woven evenly into its 
place. Nor are these things bo easy as they appear, 
for sometimes carpets aine woven many yanls wide^ 
and on looms so broad that two, four, six, and even 
eight men are requii*ed to work abreast at the same 
beam, in order that thei'e may be no flaws in the 
pattern or ine<pialities in the w^eaviug. Tlie war|i 
in these loouis, and the weft us^d to fasten each 
** chenille " as it is placed across tlie width of the 
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web, may be of hemp, strong woollen yam, or any 
other mateiiaL When a certain portion of the 
carpet has been woven, the weaver, if there be only 
one, as in the case of most hearthrugs, or weavers, 
if there be more, shear the pile with great care to 
get evenness of surface ; and when pressed, brushed, 
and finished, the production is rich, velvety, and 
yielding to the tread as the most costly fabrications 
of Turkey. 

These are the chief classes of carpet produced in 
Great Britain, though there are, of course, others. 
" Druggets " are well enough known, and so simple 
in their construction as not to need any lengthened 
description. These are generally of a striped pat- 
tern of various colours, which of course are formed 
in the warp by the " setter-on." The weft is always, 
or nearly always, a neutral, or darker colour than 
the warp, and they are woven on an ordinary 
double-" heddle " Bigelow steam loom. Sometimes 
checks are produced, and in these warp and weft of 
the same colours are used, the weaver judging by a 
tape measiure when to change the " shuttle." Felted 
carpets, very cheap, and printed after " felting," are 
common. Mattings of coir from the cocoa-nut 
fibre, Manilla hemp (Mtisa textilis) and Indian mat 
grass {Cyperua textUis) are woven in Dimdee and 
other parts of the kingdom, and in prisons and 
convict establishments, and may be called carpets, 
bat need not trouble us here. 

Steam looms were not employed much in the 
carpet trade before 1850, if at all; but when it 
is said that, whereas a hand weaver could not 



produce more than 5 or 7 yards of carpet on the 
longest day in June by the closest application, 
and that the machines will turn out as much as 
35, 40, or even 50 yards a day, their value will 
be apparent. It is difficult to get at the quantity 
of wool specially devoted to carpets, or the number 
of yards produced in the year, because of course 
the great bulk is consumed at home ; but we may 
form some conception of the magnitude of the trade 
by considering the number of yards we annually 
export In 1871, according to the official return, 
the number of yards of carpet produced in the 
United Kingdom and exported was 10,957,453, 
valuetl at £1,648,411. In 1872 it had risen to 
11,815,900 yards, valued at £1,916,774; but in 
1873 there was a falling off, the numbers being 
9,921,100 yards, valued at £1,597,383. There was 
still a fturther decline in 1874, the quantity exported 
being 9,208,271 yards, valued at £1,480,892. The 
year 1875 showed a great reduction, for during the 
twelve months only 7,522,660 yards were exported, 
the value being £1,159,979. Wo may, in all like- 
lihood, double these figures to get at the total pro- 
duce, and it is possible that the apparent decline 
in the amount manufactured since 1871 may be 
accounted for by the fact that the kinds of carpet 
which we used to export are being produced else- 
where, or that the home consumption of native 
fabrics is more than it used to be. At any rate, 
whatever the reason, we are not from the figures 
quoted above to conclude that the industry u 
waning, for the contrary is the fact. 



EMINENT MANUl^ACTURERS.— IV. 

SIR JOHN BROWN, OP SHEFFIELD. 
By Robert Haio Dunbar. 



SHEFFIELD, the Steelopolis of England, and 
the hardware capital of the world, owes a very 
laige share of its gi^eatness to the industrial genius 
of Sir John Brown, whose career is one of the most 
remarkable in the records of om* country's commerce. 
He was the " father," if the term may be used, of 
the railway material trade, from the conical buffer 
to steel rails, tyres, and axles. He introduced the 
iron trade into South Yorkshii-e ; and, i)assing over 
half a hundred other works, he was the originator 
of rolled armour plates, which he perfected until 
in these times the mighty war-ships which ride 
our seas ai'e clothed with iron from 8 to 22 inches 



thick. To him, more than to any other man, is 
due the revolution which has taken place in the 
navies of the world, since the French ship La Ghire, 
with its plating of 4^ inches, disturbed the repose 
of the f^glish Admiralty, up till now, when the 
Italian Government bmlt the DuUio and Ikmdolo, 
each armoured with 22-inch plates, and armed with 
100-ton guns. The story of a life which has led to 
such results must be worth telling. 

Sir John Brown is a Sheffielder by birth, having 
first seen the light in the year 1816, in a part of 
the town which was then occupied by families of 
good position, and known as ^'Favell's Yard,** 
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situ&te in Fargate, When lio hm\ *' lisilf turned " 
13, he left scliool, aiid in 1830 wii^ appi-cuticed to 
the fiiin of Eaj'l^ Hortoii, iind Co., who were factors 
in Orchard Place. He still retains his indentiii-e at 
Endcliffe Hall, cherishing it as one of his most 
precious possesaions. In the coiii'se of a few 
years, the iinu went into the steel trade. About 
1836 they remove*.! to Rockingham Street, where 
theii* establishment was known as the Hallamsliire 
Works. In addition to tlie steel tiiide, they com- 
inenced the manul'acture of files and table cutlery. 
The apprentice very soon stepped to the front. 
When he beciime of age, in 1838, Mr, Earl, who 
was the senior partner, paid his empl^t/€ the high 
compliment of asking him to enter the establish- 
ment as a partner. Owing to lack of the necessary 
capital, the young nttm was unable to do so ; anil 
Mr. Earl, wlio took a kindly and appreciative 
intei^est in hin welfare, then offered him his ftwi-toring 
basiness, and at the Rame time most liberally 
volunteered to join in finding the money to caixy it 
on- John Brewn^s father and uncle ^ntaninteetl 
4£500 to a local bank, and tliis modest cre<lit was 
the start in life of one whose career has been a 
remarkable example of what can be done by dili- 
gence, thrift, foresight, and ]^>ersevei'ance. For 
several years he was a cutler — the fact will be new 
even to the great majority of Shefliehl readera. 
Cutlery, however, did not atti-act him so much as 
files and fsteeh C/OuHeous and coi^siderate, even in 
these younger days, he fii-st sought the consent of 
the employer who had ]>efrieiKiecl him. That consent 
was readily obtained, and he commenced the manu- 
facture of steel on his own account in Orchard Street, 
He afterwards removed to Furnival Sti'eot, wliere we 
find him energetically engaged in the production of 
steel, tiles, and railway springs, ha\'ing previously 
disposed of his factoring business to the firm of 
H, G. Long and Co. When in Fwrnival Street, in 
1848, he invented the coniaii steel buffer spring, 
which he |>atented. That proved, as local manu- 
factnrers say, **a good tiling.'* At that time there 
was no external buffer in use upon the railway lines, 
and for wagons there was no bufier at .^11. John 
Brown's were the first, an<l the impojlance of the 
invention was so promptly discovei-ed^ that in a 
short time he was tunmig them out of his works at 
the rate of 150 sets a week. It may l>e interesting 
now to state — what has never been previously 
mentioned in print — that tlie fii'st pair of conical 
buffers ever made were sent to South Wales, luiving 
been ordere^l by the Taff Valley Railway : the second 
to Scotland, for tlie Glasgow and South Western 



Railway ; and the thiixl to Ireland, for the Dublin 
and Drogheda Company. The first English line on 
which they were used was the London and North- 
western, The l>usiness extendetl so rapidly after 
this tliat we find him pi"o*lucing niilway spidiigs 
and buffei-s in Upper Funiival Sti^eet, erecting 
additional spring shops in Hereford Street, other 
spring shops in Back fields, and converting funiaoes 
in Holly Sti*eet. To a pmctical mind like bin, 
tire imiKH-tanoe of concentrating his ojierationa 
in one locality speedily l)ecame obvious. An 
opi>oi"tunity of accomplishing this pui-pose occim^ 
ill I8G4. In Saville Sti*eet had been erected the 
Queen s Works. The site covered an area of tln^ee 
Jici-es, of which lesa than one acre was built ujion. 
These works were purchased, re-chi*istened the Atlas 
Works, and rapidly extended. By this change 
he was able to gather all his departments into one 
place, wliere he could pei'sonally superintend his 
rapidly-inc revising business. Up to that time the 
district had Ijeen a sylvan retreat; and Sir John 
can yet recall with pleasure the blue-bells which 
used to flourish in the woods opposite to his 
counting-house windows. At the present day, 
Saville Street, though not a bleak and howling 
wilderness, is black with smoke-begrimed liuildings 
and tall chimneys, belching forth their sooty vohuues, 
which obscure both sun and sky. 

When the Atlas Works were fairly set going, it 
occuiTcd to their owner that the demand for iren in 
the district was sufficient to justify his adduig the 
tnauufactin^ of the raw material. He then com- 
menced tlie production of iron for steebmaking 
puri>08es, which was the introduction of the imn 
industry into the Sheffield district. Sir John 
Brown, in a^ldition to inti*o<;hicing the mil way buffer 
and spring tnide to the town, was thus also the 
father of the ii-oii tnule in the locality. The result 
of his enterin'ise wag to make Sheffielil practically 
independent of Sweden or any otht^r ccmntiy from 
which a large amount of iren fov manufactuj'ing 
purposes used to l^e drawn. 

The original works Ijccoming too small to pi-oduce 
what was I'equii'e^l to meet tlie demand, the works 
on the south side of the Midlaml Railway were 
commenced, Here^ ten converting fu maces were 
ei*ected for the puri>ose of converting the iron 
to be manufacturetl iuto steel for supplying 
the T^^ints of the town, as well as of the Atlim 
Works. This was also the l)egiiming of the in- 
tixKluction of iron, of Yorkshire cjuality, for 
l>oilers and britlge plates. By bridgi" jilati^s are 
underatood such plates as aifj used on C*haring 
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Cross Bridge, some of wliich were supplied fi-om the 
Atlius Works. 

Bliortiy after tLis, Sir John Bix>wii made his great 
discovery in tbick-ix>lled armoiu'ed plates, which 
revolutionised the navies af the world, and with 
which Jiis name will ever be I'ememhered in the 
Admimltj Boai^ of thia and other empires. He 
was in the hiihit of talking h nin on the Continent 
ill the autnnin. In 18C0, oii his return, he came by 
way of Toidoa. where, as accident woidd have it, 
the French ship La Ghim put into the harbour. 
La Gloire was a timbei*-built 90-^m thi'ee-ilecker, 
cut down into ** an exaggerated corvette," with 40 
big gims and hammered-plate annonr 4J inches 
thick ^ 5 feet long, and 2 feet vdAe. Owv A<lmindty 
were a little scared by the French Government 
putting La Gloire in commission, for no fewer than 
ten 90-gTin and 100-gnn timber-built shii»8 were 
stopped in their progress, in order to be cut down 
and plated like the French vessel The owner of 
the Atlas Works liad too shrewd a head not to make 
the most of liis meeting with La Gloire. He was 
not aDowed on board, but examined the ship most 
tJ»oroughly, and came to the conelusion that the 
armour plates used in clotliing her could be rollech 
Tlie French plates were hammered. Sh' John's 
mind was promptly maile up. He was convinced 
he could rell w plate more reliable, and tenacious, and 
nniforra in cpiality than it coidd be hammered. He 
returned to 8heliield and set to work. In Augast, 
1862, the fame of the Mayor's works — for by this 
time he had entei'od the Council aud t>ecome Chief 
Citizen of Shetfield — had induced Lord Palmei^ston, 
then Premier of Englancb to \\iAt Sheffield. He was 
the guest of ** Alderman Brown/' at his residence, 
Hhirle Hill, was enteilained by the Mayor to a 
nifignilicent banquet, and ins])ecte^^ his host's works 
in Sa\Tile Street We refer to this now for purpose 
of comparison. Lord Palmers ton sjiw rolled a plate 
31\. 9 in, 'wide, 18ft. 6 in. long, 5Hn, thick, and i^p- 
waitls of 6 tons in weight. The pi^ocess is <lescribed 
at length in the Timm of August II, 1862, and in 
tonus of wondenuent at the fejit accomj^lished. 
Ill ApiiJ of the following year the IjoixIh of the 
Admindty, headed by the Duke of Somei'setj and 
followed by officiids and othei"s, who made up a 
oomjwiny of nearly 100, \ iHit4:»d Sheffield to witness 
the 0{)ening of a new rolling mill, which the owner 
of the Atlas Works luid put dowiK Tlds was a gi'eat 
day for John Brown Jind for ShetttelrL He had 
lieen able to oveivome official repugnance to his 
new plan of makiiitj plat«^ : and, once overeoine, 
their Lordships of the AJinindty hud visit^^d him 



in stately style. They saw serieral platee rolled^ 
chieHy 4i, 5^, and 5i inches thick, and 40 
long ; but towaitls the close of the \isit a phite, II 
inches thick, and 15 to 20 feet in length, was rolle 
in the presence of tlie othchU represeutativeB of tb 
Britisli Navy, who then saw for the first time i 
the splendid jji-omises of their host were faithfullj 
kept. A 5-inch aimour plate, upwartls of 
feet long, and 4 feet wiile, followed, and when 
was finished the Mayor conducted the Didce 
yomei'set itjund the reUs to look at the i*hite, 
men cheered as they approached, and the Mayo 
pausing for a moment, sfdd to his men, ** We i 
all proud of your exploits ; you are woithy of thi 
mime of Englishmen. His Gnvce, the Duke 
8omei*8et, wishes me to expi*es8 his admiration 
what you have done." At a collation given in i 
dining-iHX>m of the works, the Duke of Somer 
.Hjdd thiit, ** Mr, Brown had a^ik^ the Admiralty i 
they woidd be able to build shi|>s to cany th^ 
jtlates he could make;" and he thou went 
to stiy, *^We are very glad to come here, and 
am sure I have prefited ami been very 
interested by what I have to-day seen. Nothmf i 
more interesting to me tlian seeing these wodc^i 
and seeing the men of these works — to see 
intelligence, the good temper, and the kindl} 
feelijig towai-ds the he4wl of the establishment. ||| 
hjis con^'inced me that the men themselves are weBl 
treatetly that they feel they are well treated^ audi 
they showtnl what great kindness and good jnd^ 
ment must Ik? possessed by the head of the \ 
blishment. That m the oidy way in which voa < 
cai-ry on great works like these w© have seen to-day 
I cannot, therefore, close the observatiooa I har 
made wdthoiit asking you to drink the health of Mnl 
Brown, coupling it with * Prosperity to the 
rolling mill,* for it is the great thing in the fwii* 
ceediugH of this day. It is the most striki' 
and will be in the futm^e one of the most w 
pieces of muchineiy tliat have ever beea nuule 
this countiy." 

Having thus succeeded, after some difficult* tfl 
disjirming opposition at head-quarters, Sir Johill 
Bro^vii made rajiid progi'ess. In an extremely i 
period the Atlas Works were knoiAii all over 
w*orld for their plates, which were not only ! 
anil thicker, but better in quality, than any 
duoed elsewhere. Indeed, no other firm iitte&i|i 
to roll armour plates at that time* Hti 
fii^st ill this country to ix>ll plates of lai-jEje dii 
sions, and having securetl the lead, he krpt it, R« 
laid down machinery to roll plates thi^ee 
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length and double the width of any that were then 
produced. Not satisfied with that, he went on 
making plates of ^ feet wide, and 6 J inches in 
thickness. But since that time the trade has 
so marvellously developed that plates 2i inches 
thick may be seen at the Atlas Works, At 
this moment, however, there is no ship in the 
British Navy which canies so extraordinary an 
armoin*, the heaviest 
being the Dtnlio and the 
DmiJolOy Italian iron- 
clads i wliich are coated 
with plates 22 inches 
thick. The Inflmibh is 
said to be pirtly plated 
with 22-inch anuour. 
There was something 
very characteristic of 
the man in 8ip John 
Brown's enter} irme and 
persevemnce in the pro- 
duction of armour plates. 
In 1 862, the Government 
then in office ap{>eared 
to ha%*e settled do>vn to 
the concluaion that 4^ 
inches was the maxi- 
mum thickness that could 
be attained. Sir John 
thought otherwise, nnd 
in order to rouse the 
authorities to more vigo. 
rous conceptions of the 
wants of the British 
Navy, he wrote what 
reads now like a kind 
0(f challenge to the 
Government He oflei'cd 
to pit)duce three plates 
— of 5 inches, 7 inches, 
and 8 indies. Sir John*a 
letter stipulated for a 
certain description of target, and agreetl alao that 
if the plates did not resist the ordnance which had 
penetnite<l the 4i-inch plates— or the largest ord- 
nance of the day — that he should receive no pay 
for his experimental plates. The plates were made; 
they resisted the shot, and the aiithoiities oixlered 
that they shoidd l>e paid for, and they wei-e jjiiid 
for in full ; and ultimately, as we have seen, the 
Lords of the Admiralty witnessed for themselves 
the rolling of a 12-inch armour plate which was 
no less than 30 feet long. 

37 



Sir John Brown has undoubtedly been the great 
pioneer of this impoi'tsint natiomil manufacture, 
to which he devoted a large? share of his indiistrial 
genius, and on which he exi>ended, to insure success, 
a sum of considenibly over £100,000. The Royal 
Commission on Armour Plat«j rewardetl him by 
ordeiing nearly all^^lie plates that they requii'ed 
fix»m his works ; and in addition, up to 1863, he had 
clad in mail fully three- 
fourths of the whole 
British Navy. In his 
tiiais he had to encounter 
the fine productions of 
the El swick Works, New- 
castle-on-TjTie, and the 
Boaixl of Admiralty were 
in possession of all the 
information which could 
be obtained in reference 
to fomgn exix?iiments. 
Two steel plates made 
by M- Knipp had been 
tested at Antwerp, and 
each was smashed by 
the first shot A steel 
plate made at ELswick 
suffered a similar fate 
in this country ; the 
iron plate made by 
Brown, and tested at 
the same time, showed 
damage only after it had 
been |)ounded by thii'ty- 
four shots. It is to be 
regretted, for the sake 
of the country, that 
when, in 1 878, the ques- 
tion of |>lates vtrws 
shots reached a critical 
stage, Sir John was not 
to the fore. Wliether 
the plate of the future is 
to be of liiyei-s of iron and steel, or a comix)aite ot 
some other sort, it would l>e difficult to say j but 
the remarkable jiower which bi*o«giit Sir John to 
the fi-ont in the days when ai'mour plates were in 
their infancy, we shoidd presume could not have 
faDetl to be of sernce to the State at the juncture 
alluded to. 

Shortly after the Lords of the Admiralty visited 
Sheffield, the Atlas Works were increased until they 
extended to an area of over 20 acres, covered with 
closely-constructed buildings tilled with the most 
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costly and powerful machinery. Every inch of 
the works was planned by Sir John himsell He 
had no architect near the place, simply employing 
a clerk of the works and a couple of draughtsmen, 
who worked to his instructions. All the machinery 
was made under his own supervision, and according 
to his own ideas' of strength. When he commenced 
to make armour plates, he went to the leading 
machine shops in the country in search of planing 
and slotting machines sufficiently large to deal with - 
these immense masses. Nothing strong enough 
could be got. Mr. Shanks, the well-known machine 
maker of Glasgow, showed him his most powerful 
productions. Sir John said they were too weak 
for his work. " You cannot break them," replied 
Mr. Shanks. "Ah!" said Sir John, "you don't 
know what I want them for ; nothing produced 
may break them ; but I must have them stronger." 
He then asked Mr. Shanks his price by weight for 
these machines, and having agreed to pay him a 
price per ton, called for Mr. Shanks's tracings, 
took a pencil, strengthened the parts where he 
thought the tension would be most severe, and 
then handed the designs back to the maker. 
When finished, the machines were nearly double 
the strength of anything then produced, with 
steel shafts instead of wrought iron introduced 
into them all. 

In the development of the trade, and in the 
execution of his extensive plans. Sir John waa 
ably assisted by his valuable coadjutors, Mr. J. D. 
Ellis and Mr. William Bragge. Not long after 
this, the Atlas Works were giving employment to 
from 3,000 to 4,000 artisans in the manufacture of 
armour plates, ordnance forgings, railway bai-s, steel 
springs, buflfers, tires, axles, <kc. Sir John was the 
first to successfully develop the Bessemer process. 
When the Institution of Mechanical Engineers 
visited Sheffield, he was the first to show them 
the process, the advantages of which were so 
promptly patent to his shrewd mind, that he lost 
no time, after the discovery which has done so much 
to make this the age of steel, in taking out a 
license from Mr. Bessemer. To Sir John is also 
due the introduction of steel rails, which are now 
almost imiversally adopted on all the leading rail- 
ways of the world. The first year of his business 
he turned over about £3,000 ; the last year the 
turn-over hafl increased to nearly £1,000,000. So 
numerous and varied were the services he rendered 
to tlie iron and steel manufactures of Sheffield and 
South Yorkshire — and, in a large measure, to the 
manufactures of the country — that the industrial 



history of the district is indissolubly associated 
with his name more than with that of any other 
who has succeeded him. 

A thorough Englishman, Sir John Brown kept 
the benefit of his discoveries for his own country. 
When his big armour plates began to be noised 
abroad, foreign Governments applied to him ; but 
Sir John refused to supply any other Power until 
he had obtained the consent of the Home Govern- 
ment During the civil war in America, he de- 
clined, on this ground, very large orders from the 
Northern States. The Russian Admiralty were 
anxious that he should complete orders for them ; 
but Sir John maintained his rule to the last, and, 
in spite of price and profit, served first the State of 
which he was so worthy a citizen. 

Sir John's industrial career might be followed 
much further. He was an untiring worker, and 
great as were his engagements, he realised the 
truth of the old maxim that it is the busiest 
man who has the most leisure. He was first in 
all good works of usefulness and charity. All 
Saints' Church, Sheffield, which he erected at his 
own cost — some £12,000 — is only one of many 
works which keep his name green in the memory 
of Sheffielders. For two years he was Mayor of 
the borough ; he held the high office of Master 
Cutler for a similar term. He was one of the 
most liberal of Sheffield's Mayors, and as Master 
Cutler he entertained his guests with a princely hos- 
pitality. He has long been a Borough and County 
Magistrate, a Town Trustee, and a Church Burgess, 
and in 1865 he was invested with the authority of 
a Deputy-lieutenant of the West Biding. While 
serving as Mayor in 1863, a requisition, signed by 
more than one-half of the electors then on the 
burgess-roll, was presented, asking him to become 
a candidate for Sheffield at the following election. 
Sir John accepted the requisition, which was prac- 
tically presenting him with the representation, but 
pointed out that a dissolution was not then immi- 
nent Circumstances, however, intervened which 
prevented the kindly owner of Endclifife Hall 
from complying with the very generally-expressed 
desires of his fellow-townsmen. In the Volunteer 
movement Sir John took a keen interest, raising 
two companies among his own work-people, 
and equipping them at his own cost He was 
a large guarantor to the Exhibition of 1862, was 
President of the jurors in the Iron and Steel Section, 
and entertained in London and in Sheffield the most 
distinguished foreign visitors on that occasion. Ho 
had awarded to him the gold medal for armour 
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plates ; and at the Pai'ia Exhibition of 1867 he 
received the sole gold medal for British armour 
plates by the French jurors. As an employer, 
SiJ- John was an example to English manufacturej-s, 
both he and his wife being unwearj-ing in their 
effoi-ts for the sociiil and religious well being of all 
in their service. In 1867 her Majesty confeiTed 
upon him the honour of knighthood, and in 
his receiving that distinction Sheffield felt that 
a special compliment was piiid to itself, the 
day of Sir John and La*ty Brown's returning to 
Sheffield being one of genei-al congratulation and 
rejoicing. 

After many years of successful and honourable 
labour, Sir Jolin relieved himself of a large portion 
of the personal bui-den of his establishment by 
transferring the business to a limited liability 
company, of which he remained the chainnan, 
and Mr. J. D. Ellia and Mr, W, Braggc — the two 
partners he liad latterly admitted— tho managing 
directors. Tlie capital of the company was £1,0 00, 000 
sterling. For yeare the concern has been one of 
the most prosperous in the country ; and, though 
it suffered with others in the depression of 1876-8, 
the languor was felt to be only one of those fluc- 
tuations incident to commerce^ For several yean^, 




Sir John has been altogether disconnected with the 
Atlas Works, residing at Ids noble mansion of 
Endcliiie Hall, a short distance from the town, 
yet continuing to take a keen and libeml interest 
in aE questions of local jind im penal importance. 
To education he has ever been a beneficent friend ; 
and it was felt when the School Board was esta- 
blished in Sheffield that its most fitting and eom- 
jK'tent chairiimn would be Sir John Brow^n, who, 
as was confidently anticipated, tilled the position 
with honour to himself and advantage to his 
native towm Even in his retirement he is still 
attached to one branch of the business with which 
he made his mime, being, in conjunction with one 
or two other gentlemen, the owners of the great 
iron-ore mountains which overhang Bilbao, in 
Spain. The utiliFation of tlie immense natuiul 
resources of this district will undoubtedly tend to 
the further development of the iron trade, and the 
enterprise of Sir John Brown speaks volumes for 
his enei-gy and forethought. But though Sir 
John now leads a companitively retired life, he 
ia neither forgetful of the world nor forgotten 
by it. 

[The j>ortrait of Sir John Brown is taken from a 
photograph of Mr. E. H, Cox^ Toi*quay.] 
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Bt DAvm Brbmxbr, Author or " Tjik iNDUSTiUEfl op Scotlaitd*" 



COrrON intended to be worked into the finer 
qualities of yarn is now generally combed, 
instead of being put thiaiugh the finisher card. 
The introduction of combing ig thus stated by 
Messrs. Hetherington, of Manchester, in a com- 
munication to Mr. Evan Leigh, C.E,, the author 
of a well known work on *' Tlio Science of Moil em 
Cottcm Spinning " :— " The combing machine is the 
invention of Mr, Heilmann, of Alsace. It first 
made its apj:M?arance in this country at the Inter- 
national Exhibition of lS51,and shortly afterwanls 
a company wiis formed in ^lanihester for the jnir- 
chase of the patent as aj>idicalilo to the cotton tnide, 
and for which they |mid .^30,000. The company 
consisted of five fii*ms, the most extensive in the 
trail e in the spinning of the finest yams, and the 
finn of Messi-i?. John Hetherington and Sons, of 
Manchester^ were selected as their machine makers. 



U 



For some time the Patent Combing Company r^ 
stricted the making of machines to the supply of 
the members ; but after tlteir wants had been 
provided for, and they had obtained a command 
of the market, they, on numerous applications from 
othex spinners of fine yams, consented to supply 
the trade generally at a price of X500 per machine, 
£300 of this amount being a chai-ge for royalty. 
These chai'ges were afterwards modified, and gra- 
dually i^educed as the term of tlie patent ran out. 
Tlie jmtent was, however, lu-actically extended by 
the improvements introduced by Messiu Hethering- 
ton, which improvements wei'c embodied in all the 
machines made subsequently ; and the patents for 
those were purchased from ]VTe.ssrs. Hetherington 
by the Patent Combing Company. Although the 
combing machine was at first thought applicable 
only to the counts of yarn finer than No. 200, 
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it waa soon foimd that its range was a much larger 
one ; where quality was an object it l>ecauie indis- 
pensable, and instead of No. 200 being the miiiimiim, 
this was speedily reduced to No. 120. And it did 
not atop hen?, for it haa since been found that 
8Ui>erior combed single yam will 8Uf>ersede with 
advantage the doubled yarn pi^evioHsiy uaed ; and 
this ojjens another wide field for tlie use of the 
combing machine. In the manufacture of sewing 
thread also, the advantage 
of yams made from combed 
cotton was soon appreciated, 
80 that now Nos. 50, 60, 
and 80 for such work are 
combed, as well as some 
special yams, Nos. 32 to 40, 
Some idea of the advantages 
which have attended the 
introduction of combing 
machines can be formed 
from the fact that there are 
already (1873) more than 
1,600 of them at work, 
wich producing weekly from 
1201b. to 200 lb. of combed 
cotton, spun principaUly 
into the finest counts of 

A general view of the 
combing machine^ as made 
by Messrs. Hetherington, 
is given in Fig. 1, and ita 
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Fig. 2'-8^CTio»4L Visw OF Comtixa Macwisjl 



mode of operation may l>e seen in Fig. 2, whiclij 
is a sectional view of the working parts. Tlid] 
mat'hine is fed with a specially-prepaid Lap, < 
posed of slivers from the carding engine, and the 
principle of its action is to nip tliis sliver at certain] 
short intervals, according to the length of the fibii 
of the cotton beijig oi>emted ujxjn, and while thm 
held to comb out the wool. Tlie lap a is fir 
seized by the feetling ixillers b and b', and coaduc 
over the edge of the ** eushiou jilate ** 1 
wliich is covefed with leather, 
certain length of the sliver hftT 
passed in^ tbe feed motion stofw^ 
the "nipper" c moves towards 
cushion plate, pinches the oottoa 
between itself and that plate, and 
the same time pushes the plat<^ bacll 
ward a little way, in older to bring I 
tuft of cotton into a 
tion to be convement 
operated upon by 
combs. The combs, whic 
are usually about twenty i 
number, increasing in 
ness from front to rear, an? 
moimted on a section of tlie 
periphery of the cylinder & 
The combs which first enter 
the cotton have thirty tesllk 
to the inch, and the nitmbar 
is gradually increased, imlil 
in the case of ths 
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comb of tlie series tLe teeth number a hyndi'ed 
to the inch. The combiSj having passed through 
the wool, continue their joumej round to operate 
on a fresh length of iihve; but on their way they 
have to pass over a revolving brush K, which 
removes their burtlen of short fibres, and tranafei*s 
it to a dofier J, which is coveared with cajxis. While 
this is going on, a fluted section of the combiug 
cylinder has i-eached tlie cushion jilate and nipper, 
and, these having relnjced their hold, receives the 
combed wool and ciuTiea it forward to the rollers 



hi]>s the end of the freiih one, when a little pressure 
suffices to join the two, and the whole is drawn 
forward in a continuous web or sliver. This com- 
pletes the o^>eration. The short tibres which wej'e 
transferred to the doffor are removed Vjy a crank- 
and-comb in the form of a slivei*, ready for spinning 
into ooai'ser qualities of yai-n. The machine, like 
most of the others use<l in the cotton manufactui'e, 
is a niju-vel of mechanism. It Is, however, so com- 
[»licated in its pai-ts, that much skill and aire are 
necessary to its successful working j and hence 
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Tig. 3.— SicnciKAL Ttxw or DmAWino Fiiirx. 
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o and g'. Just at the moment of release, a comb 
at the exti-emity of the rod F deacends into the 
wool, and as the latter is carried forwai-d to the 
deliveiy rollers^ combs out the ends of the libres 
which were hehl by the cushion plate and nipper. 
It will now be evident that the cotton, as it leaves 
this upper comb, is in the form of a row of fibres 
laid aide by side somewhat like a ItKjse fringe^ 
corresponding in length to the width of the combe ; 
and the next duty of the maclune is to unite the 
looceasive combings into a sliven This is done in 
a iimple but highly ingenious manner, Wlien the 
cotton has left the grasp of the idfrper, and is partly 
sostalned by the upper comb and the ftutetl part of 
tbe 4^1inder, tl^e delivery rollers ai'e reversed until 
the end of the previous combing emerges, and over- 



attempts have been made to diBcover simpler means 
for accoraplisliing the work. Several machines, for 
which it has been claimed that tliey can do more 
work with fewer parte, have been introduced to 
notice since Heilniann*s invention came into use. 
Messrs, Dobson and Barlow, of Bolton, are among 
the makers of Heilmann*s machine w^ho have sought 
to simplify it j and they have produced a comber 
which has high claims to attention. In tlie illmi- 
trated catalogue of their exhibits at Paris in 1878, 
the firm set forth the advantages of their machine, 
and from that source we glean the following parti* 
culars. In Heilmann'a machine, the setting of the 
nipi>ers is a diliiculfc and delicate o|>eration, there 
being thirteen setting screws and eight joints in 
each nipper. The entire number of pieces in each 
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set of six Heilmann's nippers, with their fixings, 
is no less than 564, requiring about ten hours to 
adjust. In the new machine, with the same number 
of nippers, there are only 216 pieces, and the setting 
does not occupy more than half an hour. The cushion 
plate is dispensed with, and the nipper holds the 
cotton against the fluted feed roller. The cotton 
is drawn up into the top comb by the detaching 
rollers, which draw it in a straight line from the 
grip of the two feed rollera, thus combining great 
simplicity with efficiency. In almost every other 
detail of the machine improvements have been 
eflected, but these it is not necessary to describe 
here. In the year 1869, Mr. Joseph Imbs, a native 
of France, patented a combing machine of which 
great things were expected. The English patent 
was secured by Messrs. Curtis, Parr, and Madeley, 
of Manchester, who introduced the machine to the 
trade & few years ago. This comber diflers widely 
from that of Heilmann. The lap of cotton enters 
the machine over a small movable table covered 
with leather; and when a sufficient end for the 
combs to operate upon has passed over the edge 
of the table, a nipper descends and holds it fast 
There are only two combs, and these are placed 
close together, and so arranged that at the moment 
of the nipper descending they rise and pierce the 
cotton from beneath. The table and nipper then 
move backward a little way, and in doing so break 
the lap and comb the ends of the fibres, which pro- 
ject beyond, but are yet retained in their grasp. 
The tail end of the tuft which has been detached 
is combed at the same time, as before the rupture 
took place the forward end of the fibres had been 
caught by a nipping roller, and in being drawn in 
by that the fibres have to pass through the combs. 
As soon as the operation is completed, the combs 
descend, and are cleared of any short fibres and 
motes they may have caught. The combed cotton 
is drawn forward until it reaches a circular bnmh, 
by which it is transferred to a card cylinder. 
From the latter it is stripped in the ordinary way 
by a doffing comb, and emerges from the machine 
in the form of a sliver. The short fibres are also 
collected on a card roller, and are delivered in the 
same way. Of this machine, Mr. Evan Leigh says : 
— "The difference in the combing action betwixt 
Heilmann's machine and Imbs* is very conspicuous, 
the former passing, by a rotary motion, a series of 
combs varying in fineness from fifty to seventy teeth 
to the inch, through (me end of the fibres ; whilst 
Imbs* machine pierces the fibres close to the nip in 
both sides before the web is drawn asunder, when 



one side is combed by the drawing back of the 
slivers, and the other by the advance of the same 
through the action of the forward nip. The quan- 
tity of waste made depends in a great measure 
upon the fineness of the comba It is said to be 
capable of using laps of Hdwts. to the yard, 
whilst Heilmann*s can only use laps of 9dwt8.^ 
and with such laps can turn out 320 lb. per week, 
making about 11 per cent, of waste, which ap- 
pears to contain no long staple. K this statement 
proves correct, the days of the finisher card are 
numbered, for no carding engine can produce as 
good a quality of work as a well-constructed combing 
machine." 

Great as is the change worked on the cotton 
fibres by the carding engine and the combing 
machine, they have on leaving them to undei^ 
further treatment before they are ready to be 
twisted into yam. The cards extract knotted 
filaments and vaiious impurities, but they leave 
many of the fibres doubled and crossed over their 
fellows, and in that condition the cotton cannot be 
spun into yam of the finer qualities. It is necessary, 
therefore, to open out the doubled fibres, and arrange 
all in a perfectly parallel way ; and that is accom- 
plished by "drawing.** K a small quantity of the 
carded cotton be taken up, it will be seen to be in 
the condition described ; and if it be drawn apart 
several times between the finger and thumb of each 
hand, all doubling and crossing will disappear, and 
the fibres will be arranged jmrallel to each other. 
What is done by the fingers in this simple experi- 
ment is exactly what is achieved on a lai^r scale 
by the drawing frame, the machine next in ordor 
to the carding engine — except in the case of the 
longer-stapled cotton intended for the finest quality 
of yam, which, as already stated, is combed instead 
of being put through the second caixler. The drawing 
frame (Fig. 3) is an exceedingly simple piece of me- 
chanism, consisting merely of several pairs of rollers 
driven at different velocities, so as to elongate the 
sliver passing through them. Usually four pairs of 
rollers are used, arranged as in Fig. 4. The roller* 
are made of wood, and 
are about Ij inch in 
diameter. The lower 
ones are fluted, whilst 
the top ones are, with 
the exception of the 
first, which is also fluted, 
clothed with flannel and leather, nicely joined at 
the edges, so as to form a perfectly smooth surface, 
and at the same time be somewhat elastic The 
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top rollers are pressed down upon the lower ones 
hy means of weights attached to their axles. Only 
the lower rollers are actuated by the motive power, 
the upper ones revolving by the friction of the sliver. 
m Usually the drawing frame is constructed for three 
" ** deliveries " — or, in other words, with three sets of 
rollers. Formerly the rollers were rigid antl con- 
tinuous from one side of the machine t«:> the other, 
with the surface divided into sections con^esjwnding 
to the number of deliveries ; but this arrangement 
sometimes produeeil liad work, through irregulari- 
ties in the thickness of the sUver. To i*emedy this, 
Mr. Evan Leigh protlueetl his loose boss roller, 
which is now in general use* This roller may be 
described as a tube placed on an axle, but having 
room to move fi^eely round it, and also to accom- 
modate its plane to tlie surface of the cotton i^assing 
under it. It is found suificient in practice to in- 
trod nee the loose boss i*oller as the upper of the 
front pair. To bring the machine into operation, 
the worker j>la<.'es behind each head a iuiml>er of 
cans filled with aiivers from the cjirding engine, 
and feeds into each set of rollens as many ends 
of sliveis as may he considei-ed desirable for the 
quality of cotton being dealt with. Sometimes as 
y as eight slivoirs are combined and dmwn into 
in other ca^es, not more than three or four 
are taken at once. Between the cans and the 
roUers are a series of " spoons/' or curved levers, 
and over these the slivers have to pass^ — one sliver 
to each. These levers jierform an important duty. 

I The slivers ai-e so tender as to l>e very ejisily bmken, 
nnd should the drawing be allowed to proceed after 
a breakage has taken place, a serious irregularity 
would be caused in the work Before the s[iooii 
lever was invented, it was necessary for the machine 
^Stleudant to keep a caivfiil watch for breakages, 
ifad to stop the machine imme<liately on one occur- 
ring. The BjKKJn lever is a silent monitor, which 
• releases the attendant from the necessity for watch- 
ing. Tlie instant a break occui-s^ and the jiressure 
of the sliver on the lever is consequently removed, 
the balance is disturbed, and the end of the lever 
drops into contact with a notched wheel, and brings 
the machine to a stand. Between the spoon levers 
and the rollera are curved plates, which guide the 
Blivers into contact with e^ch other, so that they 
reiLch the rollers in the form of a Ijroad ribbon or 
lap. On k-aving the rollers, the cotton has the 
form of a greatly-attenuated web, which the slightest 
puff of air wouhl seem sufficient to break. It passes 
on to a table, and disappears downwaixl through a 
funnel-shaped aperture, which squeezes it into the 



form of a cylindrical cord. Beneath the aj^erture 
are a pair of smooth rollers, which press the sliver, 
and give it a degree of cohesion sufficient to tit it 
for subsequent operations. The funnehaliaped open- 
ing is formed in the end of a nioely-adjusted lever, 
whicli, in the event of a bi-e^k occarring» stoi>8 the 
maL'hine in the same way as the spoon lever. Follow- 
ing the course of the sliver, we next find it enter 
an ojjening in the cmwn of a disc, and pass thenoe 
to a can beneath* This disc is an ingenious con- 
trivance, Arkwright made his cans revolve, and 
so coil the sliver evenly as they received i^ This 
disc is an improvement on that method* TJ.e aper- 
ture through which the sliver fiasses takes a diagonal 
course from the crown to the base of Hie disc, and 
as the latter revolves the sliver is dejx>sited in neat 
and even coils. The " coiling motion," as it is 
called, was patenteil about forty yeara ago by 
Messi^ Tatliiim and Cheetham^ of Rochdale, and 
is now almost univei-sally attiichetl to drawing fi*ame8 
and carding engines. For the finer qualities of yarn, 
it is customary to send the cotton tlirougli the 
drawing frame as many as six times. At the fii-st 
of these drawings, eight cartling-engine sliveiii are 
drawn into one ; next^ of the slivers so formed 
four are drawn Into one ; the subsequent dmwings 
being seven into one, six into one, six into one, 
and six into one. By multiplying these numerators, 
we get 48,384, to which may be added another 
doubling on the bobbiu-andtly frame, making nearly 
100,000 times that the relative jKisitions of the 
fibres have been changed in the coui"se of their 
being bmught into parallel oi*der. Referi'ing to 
the number of ch*awings considered necessary. Mi*. 
Leigh says : — ** There is much difference of opinion 
among practical men as to the number of doublijigs 
which ought to be given in the drawing process. 
It is, however, certain that the more it is doubled 
and drawn out, the straighter the cotton fibres lie ; 
but by carrying this process too far other e\ih are 
produced — viz,, expense is incuri'ed, and the mate- 
rial is somewhat weakened. American cotton, as 
a rule, requires less doubling and drawing in this 
operation than most other varieties^ whether long 
or short ; and where Orle>ans, <fec., is exclusively 
used, it is recommended that it should be put 
through two heads only, having eight emla each into 
one, giving 64 doublings for yams up to No. 34. 
In other cottons of more stulibom character, three 
heads of drawings are necessary, giving altogetlier 
512 doublings for the same numbers. Some 
spinners put up three ends to each boss, working 
six into one, which three times over gives 216, 




296 



GREAT INDUSTRIES OF GREAT BRITAIN. 



Where frames have only three rows of rollers, 
less drawing power and shorter bosses, this is 
better, for this reason — ^that when too thick it is 
apt to spring the top rollers, and never becomes 
so well drawn, as the fibres are held tight in the 



centre of the sliver, and loose at the edges; h 
ought, therefore, to be spread out on the bosaea 
as much as possible to make sound yam,' care being 
especially taken that one end never rides upon 
another." 



MODEL ESTABLISHMENTS.— V. 

THE SAINT ROLLOX CHEMICAL WORKS, GLASGOW. 
By James G. Bertram, Author of "The Harvest of the Sea.* 



AMONG the prominent industrial establishments 
of the West of Scotland, the great works of 
Messrs. Charles Tennant and Co., of Saint RoUox, 
in the city of Glasgow, must be assigned a chief 
place, being the largest of their kind in the country, 
not only as regards the extent of their premises 
and the number of hands employed, but also for 
the variety of their productions. The total area of 
ground now occupied is about 130 acres, of which 
nearly 90 are covered by erections of various kinds 
devoted to boilers, furnaces, retorts, towers, and 
chambers of various descriptions, fac^ princeps 
among which is the great chimney designed by 
the late . Professor Macquom Kankine, measuring 
455J feet from foundation to top. This stalk, 
as well from its towering height as from the elevated 
position on which it stands, can be seen at a great 
distance from Glasgow ; whilst its utility as a sani- 
tary agent, in carrying off the noxious fumes thrown 
off from an extensive and active chemical manufac- 
tory, is universally acknowledged. The works of 
Messrs. Tennant and Co. were commenced in the 
latter end of the last century, the firm being then 
Tennant and Knox. By slow degrees they have 
attained to their present magnitude, the space ori- 
ginally occupied being about three acres. 

The products and by-products of Saint RoUox, 
are sulphuric and hydrochloric acids ; soda ash, 
soda crystals, and caustic soda ; recovered carbonate 
and peroxide of manganese ; bleaching powder ; 
recovered sulphur, as also soap : each product and 
by-product being, in a sense, the complement of 
the other. In addition to these important articles 
of commerce, everything required for carrying on a 
gigantic business is made within the place. The 
barrels in which the manufactured products are 
sent out are constructed by machinery; constant 
employment l)eing given at Saint RoUox to up- 
wards of 1,200 persons, many of whom are skilled 



workmen — blacksmiths, engineers, plumbers, tm* 
smiths, and cart and wagon makers. €^ and bckfa 
are made within the premises; there is a CBsting 
department, and likewise a branch for the sawing 
and shaping of timber. The raw materials whkh 
are used in the manufactures at Saint RoUoz are 
salt, lime (over 80,000 tons of which are reqaired 
every year), and pyrites. Of coal, over 120,000 
tons per annum are consumed in the walks. 

Out of this bald list of raw materials the fbrtones 
of Saint RoUox have been consolidated. Mr. Gharies 
Tennant, the founder of the works, when engaged in 
bleaching operations at Damley, was so fortunate 
as to discover a mode of completely revolataooiBing 
the processes then in use for the bleaching of doths 
and yams. Previous to the year 1798, bleadiinf 
was chiefly accomplished by means of a solutiion «/ 
chlorine, the bleaching action of which was iat 
discovered by BerthoUet in 1785, and shown to tt» 
celebrated James Watt in the foUowing year, during 
which it was practicaUy tested by him in the neig^ 
bourhood of Glasgow ; whilst a year afterwards tibs 
then Duke of Gordon, in conjunction with P^w fe swr 
Copeland, established works at Abeideen for ih» 
supply of this material. It was speedily disc ov ered, 
however, that this Uquor both damaged the fiUnioi 
to which it was applied and injured the workmeD, 
so that its power required, in consequence, to ba 
modified by the introduction of a portion of potash — 
an improvement which met with the approval of aO 
who were employed in that method c^ Ueadiiiig. 
At this particular period, Mr. Gharies Tennant 
had worked out and patented a process in iMA 
lime instead of potash was used; and, in coi\janctioo 
with Mr. C. Mcintosh and others, he began a sac- 
cessful manufacture of *' lime-bleaching liquor," which 
for a time came into very general use throughout 
Scotland. However, a dispute r^parding the rights 
under the patent caused the manufacture of tha 
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substance to be abandoned; and, in the course of 
the following year, Mr. Tennant, determined to 
provide for a want of the time, had discovered 
aiid patented the article which gave celebrity to his 
name, and assured the fortunes of himself and his 
successors. This was a dry compound of lime and 
chlorine, which was long known as Tennant's bleach- 
ing salt, and which, as bleaching powder, has been 
in use ever since. It is at present the staple article 
of manufacture at Saint Rollox, and it was for the 
manufacture of it that the works there were begun. 
The compound was prepared originally in a some- 
what primitive fashion in a leaden still, heated by 
a water-bath, and containing a mixture of salt, 
manganese, and sulphuric acid The projector of 
Saint Rollox could not at that time, we believe, 
have had any idea of the magnitude to which the 
establishment would attain, or of the economy of 
time and material, or the perfection of apparatus, 
which would one day confer distinction on the firm. 
It is to the Tennants and otiier industrial pioneers 
that Glasgow owes its present commercial grandeur. 
At the end of the eighteenth century it was a very 
small place indeed, and the Clyde of that day was 
but an insignificant fishing stream. That river 
has since become, however, the cradle of steam 
navigation, and is now one of the greatest high- 
ways of British commerce, the tonnage of the ships 
which use it being over two and a quarter millions 
per annimi. It is also to the liberality of such 
men as the Tennants that the second city of the 
Empire owes the magnificent new pile of buildings 
where its great University has found lodgment — 
the Univeraity in which Adam Smith, the author 
of " The Wealth of Nations," was both pupil and 
professor ! The works of Saint Rollox, with their 
labyrinthine pipes and aqueducts, their old towers 
and new chambers, are t3r])ical of the great hive of 
human industry which is spread around ; on all 
sides the old is making room for the new — old 
buildings and insanitary streets are being removed, 
and buildings of a newer style are taking their 
places. The rude Glasgow of Rob Roy and Bailie 
Nicol Jarvie has vanished, and a fine modem city 
has taken its place. 

As a general rule, the following were the propor- 
tions of the materials used in the prepai*ation of the 
bleaching powder, as originally patented (1800) : — 
Vitriol 4, manganese 2, water 4, salt 4J. Occasional 
exj)eriment8 were, from time to time, tried with 
muriates of pota-sh and lime and magnesia, with 
the view of enhancing the value of the by-products. 
As soon as the manufacture of the bleaching powder 



was fairly set going, a new branch of industry wa« 
established at Saint Rollox— namely the making 
of sulphuric acid. Vitriol in large quantities being 
a chief necessary of the manufacture for liberating 
the chlorine, it was necessary to purchase it ; but 
the price being £60 per ton, it was at once seen 
that it would not only be cheaper, but also more 
convenient, to make it on the premises. The quan- 
tity of vitriol required at Saint Rollox in these 
early days of its history amounted, in the course of 
the year, to 252,2701b., and the value of the bleach- 
ing salt sold in the same period (151,1171b.) was 
£7,500. In 1803, six chambers were completed, 
and at once utilised, at a cost of £50 each ; whilst 
in the course of the next four years, eight more 
chambers were added to the works. Two years 
later there were in oj^eration at Saint Rollox twenty- 
six chambers in all, which number had been increased 
at the end of 1811 by other six, which were con- 
structed accoi*ding to the latest fashion, with furnaces 
for burning the sulphur externally, and leading in 
the gases by flues — a method which of itself denoted 
a great improvement in the manufacture, as at first 
the nitre and sulphur were burned out in a vessel 
contained in the interior of the chamber. The 
systems on which the furnaces at Saint Rollox were 
originally worked was that of Messrs. Bealy, as in 
operation at Radclifie, near Manchester ; the mate- 
rials used in producing the acid being sulphur and 
nitre, in the proportion of seven of the former to 
one of the latter. The original leaden chamben 
erected at these works were from 6 to 8 feet square; 
the present chambers are vastly superior, and d 
far greater magnitude, ranging from 80 to 200 feet 
in length, and are 20 feet in width and 21 in 
height. In addition to these chambers, there are 
at Saint Rollox, for the rectifying of that portion 
of the acid which is sold, two very valuable platinum 
stills, 3 feet in diameter, which turn out 13 tons 
per diem. The present machinery and apparatus 
are of the most approved description, and, in the 
adaptation of means to a given end, are as perfect 
as possible. Duiing the two and a half houn 
which it takes to walk through the works, the eye 
is puzzled with the many curious oontri\-ances 
which are in use at Saint Rollox, in the shape of 
ciixjular roasting machines of giant proportions, 
mighty furnaces in a perpetual roar, lofty "v^-ater 
towers, great boilers, vast lengths of piping, water 
conduits, and various other erections requisite to 
the products which are iss\ied from the works. 

The production of caustic soda commenced at 
Saint Rollox in 1844, but there being no great 
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for the article, tlie making of it after a 
time was given up, but in 1875 it was again buc- 

ifully I'esumed, The pixM^ess of manganese re- 

'^pfveiy employed at Saint Hoiiox is one invented by 

Mr. T. C. Dnnlop in 1855 : it is deacribed in most 

modem works of technical chemiBtry, The process 

gives a black oxide of manganese of high strength. 

The ntiliaation of waate substances^ and the best 
modes of economising the by-products, has since 
the commencement of the manufacture greatly occu- 
pied the attention of memljers of the firm, Messrs, 
Tennant have no reason to complain of a want of 
success as regards this important feature of their 
manufactoiy. They wei-e successful at an early 
period with a plan of theirs for re-bumiiig the 
Bulphur ashes, which plan they at once turned to 
ftoeount by purchasing the residues of other makei's 
&t a cost of about £5 per ton, and from the debris 

acquired they were able to extract from 25 to 
fK^r cent of sulphur. The plao, as finally 
adjusted^ was ingenious, and lay in the attachment 
of two chambers to one central furnace, which bunied 
the sulphur ashes mixed with portions of fresh 
sulphur and nitre. By this mode of working with 
a double chamber, continuous oi>erations were carried 
on, the gas jmssing for a time into one chamber and 
then into the other, so that each was allowed to 
oool luid condense alternately. The strength of the 
chamljer acid made at Saint Rollox by means of this 
plan of working gradually increased as the method 
was perfected, and rose after the introduction of 
steam (in 1813-4) fi^ro bO" to 120' TwaddeL 
Pyrites came into use at Sjiint Rollox in the year 
1840. After being roasted at Saiiat Rollox, the 
pyrites are further manipulated by a copper- 
extmcting company. 

Tlie gi'oup of processes which comprises the alkali 
manufacture^ as now earned on at Saint Rollox, and 
which constitutes the most important chemical in- 
dustry of the day, may be outlined as follows, on 
the authority of a paper contributed by Mr. Mactear, 
ol the firm of Messi-s, Tennant and Co., to the 
Philosophical Scx-iety of Glasgow. There is the 
p(ro<luction of sulplmric acid from pyrites ; the de- 
composition of common salt by the sulphuric acid, 
with the production of sulphate of sixhi and hydm- 
chloric acid ; the utilisation of the hydrochloric acid, 
either for the manufactuiie of lileaching pjowder, chlo- 
rate of potash, bicarbonate of soihi or sniphur, which 
is recovered from the waste produced in the final pro- 
oess of the alkali manufacture, as will be mentioned 
by and by; the convention of the sxdjilmte of soda, 
by its decomposition with carbon and carbonate of 



lime, into carbonate of soda and suljihide of calcium ; 
and, lastly, the subsequent sefiaration of these two 
compounds by lixiviation with water. 

One of the features of the works at Saint Rollox, 
the new mechanical revolving furnace used in the 
alkali manufacture, and contrivetl by Mr. Mactear, 
deserves to be specially noticed as one of the most 
ingenious inventions of the day. It is desiraMe to 
note that it facilitates the work to a great degree ; 
that it does the work much better, and at a greatly 
cheaper rate, the cost for labour being under Is. 
per ton, which is less than one-tlurd of finishing 
by hand. The saving in coal is also confiidei-able 
—not less than 25 per cent It is another ad- 
vantage of these mechaiiical funiaces that they 
dispense with so much hand labour ; three goocl 
men can quite well attend on two furnaces, getting 
the aid of two labourers dming the drawing of the 
chai-ges, which takes place some five or six times- 
during eveiy twenty-four hours. These rotatory 
furnaces are rapidly superseding all the hand fur* 
naces in the various alkali works of the country. 
As Mr- MactetLr said at Plymouth, in a i>ai>er read 
before the British Association, "The great rise in 
wages, and the increasing scarcity of the class of 
labourers needed for the various furnace operations^ 
have stimulated the production of various ingenious 
inventions. ' * Th at the ' ' Mactear f u nuice ' ' hiis pro \ ed 
a great success is evident from its coming into general 
use, and tliat it deserves the success it has attained 
is obvious from the fact of one of the new fmiiaoes- 
for the " finishing " of alkali being capable of turn- 
ing out as much work as was foi-meriy piwluced by 
fourteen or fifteen hand- worked furnaces. 

The utilisation of the waste soda, which is inci- 
dental to the alkali manufacture, has been at all 
times a gi*eat source of anxiety ; and it has always 
remained as a reproach against the Leblanc process 
that the two raw materials, sulphur and lime, are 
both, with trifling exception, completely lost aa 
waste products ; and, moreover, they form a refuse 
materiid which, by process of accumulation, becomes 
a clamant nuisimce. At the Saint Rollox Works, 
tlie great problem of the regeneration of sulphur 
fi*om soil a waste litis l>een so! veil by the fertile bi*ain 
of Mr. Mactear. The process invented by that gentle- 
man owes its origin to the great ntiisance produced 
by the natunU oxidation of the enormous hea|>s ot 
alkali waste which had been accumulating at Saint 
Rollox for a periotl of forty years. Saturated with 
water from natural springs, and also with the rain- 
fall, there was a flow of ** yellow liquor" from the 
waste, which was not unnaturally objected to by the 
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inhabitants of " St. Mungo's favourite city" because 
of its ultimately finding its way into the river Clyde. 
Many devices were resorted to on behalf of the firm 
to abate this nuisance, but without effect ; the im- 
mediate neighbourhood was, to some extent, relieved 
of the pest by the laying down of a pipe, which 
carried the liquor direct to the river, instead of being 
longer allowed to fall into the great Pinkston Bum 
sewer, but what was done did not tend to sweeten 
the waters of the Clyde, nor did it put money into 
the pockets of the Saint Rollox proprietors. By the 
process thought out — after, however, encountering 
many failures — ^by Mr. Mactear, a ton of sulphur 
can be recovered from the soda waste at a cost 
of 61&, which admits of a handsome profit, al- 
though the price of the plant necessary for the 
operation is a little over £2,000. The apparatus is 
capable of making 35 tons of sulphur weekly ; and 
at Saint Rollox, we believe, the quantity of sul- 
phur recovered may be estimated at about 100 
tons a month. Professor Ferguson, of Glasgow, has 
given a brief precis of the Mactear process, which, 
he says, ^'consists in the partial oxidation of the 
soda waste, which is then dissolved in water, and 
decomposed hot with hydrochloric acid. Sulphur 
precipitates in a finely-divided state. It is allowed 
to settle, and then it is dried and fused." The sul- 
phur obtained is of excellent quality, and is in great 
demand for the making of gunpowder. The residual 
liquors, after the process has been exhausted, are 
without any odour and quite harmless; indeed, 
they are rather beneficial than otherwise in the 
flushing of sewers. The great merit of the Mactear 
process, in comparison with any other, is that it 
is thoroughly practical, that it makes the best pos- 
sible use of the waste material, that it ^* pays," and 



that it prevents a public nuisance which must ulti* 
mately have exercised a deleterious influence on 
the health of the city. 

One of the benefits of a manufactory conducted 
on such a scale is the reduction of the price at 
which useful goods can be sold — persons who buy a 
penny packet of bleaching powder are scarcely able 
to realise the fact that it is being made in tons, 
and that expensive machinery has been patiently 
devised from time to time in order to save labour 
and quicken production. It may be interesting to 
mention that the salt required in the manufactures 
carried on at Saint Rollox, cost at one time as 
much as £18 13s. id. per ton. Now it only coste 
about the odd shillings ! Some interesting details 
of the salt manufacture of Scotland could be given 
were this the proper place for them. When the 
Saint R(^ox Works were started, there was a duty 
exacted on the salt made in Scotland of £12 per 
ton, and at that period the produce of 118 pans 
was 8,750 tons per annum. Salt, it is needless to 
say, plays an important part in an alkali manu- 
facture. The great works of Saint Rollox are no 
longer " secret." The processes carried on cannot 
be concealed from the hundreds of persons who are 
employed by the firm, nor is it necessaiy they 
should ; but even at present, letters sometimes come 
to the workmen addressed " Saint Rollox Sacred 
Works." There are various other chemical manu- 
factories in the West of Scotland, but those tt 
Saint Rollox are the greatest in magnitude, and ^ 
is due to Messrs. Tennant and Co. to acknowledge 
that for the eighty years which have elapsed 
since the place was founded, they have greatly 
helped to contribute to the wonderful prosperity cl 
Glasgow. 



SHIP BUILDING.— X. 



WATER-TIGHT SUB-DIVISION IN IRON SHIPS. 



IT is by no means an easy matter to detenmne 
whether a ship is seaworthy or not. Her 
Btructiural arrangements, age, condition, lading, and 
equipment all have to be considered, as well as the 
service upon which she is to be employed. Legal 
enactments to cover these diverse features in the 
problem have been again and again attempted, but 
not with much success. Security for life and 
property at sea never has been, and from the very 
nature of the case, never can be obtained from the 



most carefully drawn and efficiently administered 
Act of Parliament Ocean navigation must be 
attended with risks ; and although these risks may 
be lessened by care and foresight on the part of thd 
ship builder, the shipowner, and the ship captain, 
yet absolute security is unattainable. This ia t 
truism, no doubt ; but one that is apt to be over- 
looked in these days of steam navigation. We are 
accustomed to hear of the regular departures, and 
almost as regular arrivals of our ocean steamen 
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despite the changes that so frequently occur in 
wind and weather. The ti-ans-Atlimtic voyjige is 
regiinletl mther bm a pleasure trip than as a voyage 
invoKHng possible danger or disaster ; and Anglo- 
Indians think little or notliing of the risks attend- 
ing **a run home.** Now and again, it ia ti-ue, 
some Slid exception happens ; a noble vessel carrying 
Imndreds of passengers is lost, and then for awhile 
our wonted confidence is shaken ; bnt no long time 
elapses before such accidents are almost foi^tten, 
and confidence is restored in the se-aworthinesa of 
our ship. Of conrse, it will be understood that we 
are here si>eAking of ships possessing good charactei'S 
and owne<l by honest men ; not of the ships which 
Mr. Plimsoll made infamous, which were owned and 
worked by unscrupiiloiis men, whose only desire was 
to enrich themselves, even at the cost of the lives of 
their sailors. Nor can it be doubted by any one 
who will investigate the Parliamentary Papers 
published by the Royal Commission on Unseawoithy 
Shij^, that by far the greater number of British sliips 
belong to the former, not to the hitter class. Mr. 
Plimsoll himself was careful to separate the honoui*^ 
able from the dishonourable shipowners, and all his 
efforts were jiimed at enforcing upon those who 
needed compulsion, a practice resembling that which 
honourable sliJj>-ownei's followed of their own free 
will. The agitation in which ^Ir. Plimsoll took 
the chief part, tlid not swcceed in establbliing the 
stringent regulations which it was proposed to 
enforce ; nor is this result to be regi-etted. Undue 
interference on the part of the Boaixl of Tirade with 
our mercantile marine could scarcely fail to be 
aooompanie^l with injury to our shipping and com- 
merce; for while we hold the first place as a 
maritime power, we are not without rivals, who 
would l>e prompt to seize ujion any advantage 
residting fiom legal euHCtments which pressed 
heavily u[xrn British ships alone. The main results 
of the Plimsoll agitiition may be summed up in the 
statement that the Boaid of Trade has l*een en- 
dowecl ^T.th large discretionary powers, in carrying 
on the survey of merchant shii>s. The stafi" of 
surveying officers has been oonsidei'ably increased 
in number, and a more real ovei'siglit is exercisetl 
upon the condition and lading of ships. In not a 
few cases vessels have been detained by officers of 
the Boaid of Trade, because they wei^ considered 
to be overladen, or unseaworthy from some other 
cause ; but it is only at the stage when a aliip is 
ready to go to sea, that the surveyor has, as a i-ule, 
the power of interference, Ship-o\\Tiers or their 
agents and representatives work freely in prejmring 



the ship for sea, but all the time they are awai^ 
that an indejiendent authority will in the end have 
to decide whether or not the ship is fit to leave 
port* When dlBagreements arise and the decision 
of the siu*veyor is considered unfair, there is a power 
of apfieal to a special court This aiTangemeiit is 
obviously a compromise, and depends for its 
Bucceasful working largely upon the wisdom and 
disci^etion of the surveyora* On the whole the 
plan appeal's to have given satisfaction, although 
complaints have not been wanting of undue inter- 
ference by officiids. It is worth notice, however, 
that no serious attempt has been made to i-ejieal the 
last Merchant Shipping Act; and this is good 
evidence that its terrors are mainly for those evil- 
doei*s who could only he reached with difficulty 
before the Act was fiassed, 

Eveiy one agree-s that the risks to be nm in ocean 
navigation should be minimised as far as possible ; 
but there are veiy serious didei^nces of opinion as 
to the nmge of that i>ossibility in some directions. 
Take, for example, precautions ugainstyau/M/^'iH*/ — 
one of the most common causes of loss. A ship 
fomidei*s when she is either filled with wat^r by 
being ** swamjied,'* the seas breaking over her and 
passing down the hatch wjiys ; or when she has her 
sidejs or bottom bi'oken through by collision or 
other accident, and the water can find access to her 
interior. Numerous cases ai^ on record ilhistrating 
both the«e kinds of foundering; but with thia- 
flkinned iron ships damage to the skin is mostly to 
be feared. A blow of moderate force may suffice 
to break a hole through the iron plating large 
enough to admit such quantities of water as will 
overpower the pumps and endanger the vessel, if she 
be constnicted on the onlinary plan, and not sub- 
divided into numerous water-tight compartments. 
In fiict, iron slajMi are far more liable than wooden 
ships to loss by foundering, if they are not furnished 
with water-tight sul>divi8ions ; and in the gi'eat 
majority of iron ships such sub-divistons are not 
sufficiently numerous to keep the ships afloat, when 
they are but moderately damaged. More minute 
water-tight sulMUvision is a crying want in ordinary 
iron merchant ships, used both for cargo and pas- 
senger trades ] yet, strange to say, there are no 
regulations in existence to bind a ship-owner to 
provide this eimple and efficient means of safety. 
It is urged that when a cargo-^jarrying iron ship has 
her hold spa/^e cut up into small compartments by 
water-tight paititions, her usefulness and capacity 
for stowage of a miscellaneous cai^o are greatly 
reduced. This argument doubtless has oonsiderable 
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weight, although for many trades well -divided abiiis 
no less suitable and efficient than ships not 
aVdivided, and can succesafiiUy comj:>ete with the 
latter class. But even if it be admitted that in cargo- 
carrying vessels water-tight siibnli vision shoidd not 
be insisted ujion, the risks of foundering b«ing 
aGoej»ted as a set-off against greater facilities for 
stowage, it can scai-celj \y^ argued that in passenger 
or emigriint ships no s[>ecial precautions should be 
taken. When large numl»ers of people are carried, 
it is surely not too much to demantl that con- 
siderations of safety should reign paramount, and 
those for convenience in stowage of hold be sub- 
ordinateil, Tliis is true in many cases, but un- 
fortunately not in all, or perhaps in the majority 
of passenger ships with ii*on hulls. Shiivowners 
have of hite years been giving more attention to 
the matter, but even now it Ls a fact that by far the 
larger nmnber of iron shii>8 run serious risks of 
being sunk if a hole of small size is bi-oken through 
their skins, anywhere except veiy close to the 
extremities. We state this fact not as an alarmist 
might, but simply to enforce the need of a change 
in this feature of iron ship construction ; and further 
it must be admitted that tlie change is far more 
likely to Ix* Vn-ought about by the pressure of public 
opinion than by any action of the Board of Trade. 
If passengers aiipreciated more truly the advantages 
of water-tight sub-division, and fjatronised vessels 
wherein such sub^vision had been efficiently earned 
out, the system woidd speedily pi'evail, notmth- 
standing the objections that are raised against it 
On the other liand^ the owners of ships possessing 
this gootl quidity would do wisely in bringing it 
moi'e prominently before the public than they now 
do. Excellent state rooms^ magnificent saloons, a 
liberal diet, good accommodation, high speed, and 
goo<l Iwhaviour, are all features which are well 
iMlveHise<l ; but one hears much less re8i>ecttng the 
extent to which water-tight sub-ilivision is caixied 
In iirst-class pasaeiiger steamers, or of the provision 
for safety against foundering. 

If legal protection be given to any class of 
passengers, it should obviously be afibixled to 
emigrantSj consisting, as they do, almost exclusively 
of iK>or and compamtively ignorant fieople, who 
have no choice but to embark in vessels selected by 
^fesponsible officials. This principle is I'ecseived and 
ed u|K>n to a veiy large extent already. The 
"Boani of Ti'ade regidations cover the arrangements 
for k-rthing, light, ventilation, boats, life-buoya, 
provisions, water, medicine, me>dical attendanee, 
very many other details considered important 



as regards the health and comfort of emigrants;. 
but nothing is said os to water-tight sub-division i 
iron sliips, lieadei-s will have noticed from time 1 
time paragraphs in the newsjiapei's, stating that the 

splendid ship has sailed for one of our Aus-J 

tralasian colonies with 300 or 400 souls on board. J 
Few readers of such paragraphs are aware, howererJ 
that in nearly aU cases these sailing iron emigrant 
shiijs are pmctically destitute of water-tight 
division. The common practice is to fit these Tesselft 
with one water-tight bulk-head only near the bow^ 
the intention being to pmvide against damage to the 
bow in case of collision — hence, this bulk-head : 
genemlly known as the "collision bulk-beacL" In 
numberless instances the collision bulk-head 
saved the vessel which struck another ** bow on ; 
but the common case is for the ii^on ship which 
stinick to founder, if her broadside is penetrat 
below^ water. Speaking generally, it may be said 
that an ordinary iron sailing-ship used for emigruit 
serv^ice can scarcely have a chance of keeping afloaiJ 
if she is seriously damaged by collision abaft her j 
single bulk-head ; and although the dumoes 
collision may be few, while the voyages made iaj 
safety by such vessels are very many, yet we cannot 
refrain from expressing the opinion that no iron 
emigrant shipj projMflled by sails or by steam, should J 
be allowed to go to sea until tlie Boaril of ' 
surv^eyors had satisfied themselves that she ' 
ciently sub-divided into water-tight compartmeota. 

The Merchant Shipping Act of 185 4 provided 
that every iron-hulled steam-ship should l>e dividol 
into not less than t/iree parts by transverse walfl^ 
tight bulk-heads, in addition to a small water-tight 
compartment at the stern of screw steamers A, 
penalty not exceeding £100 was incurred bj 
owner who sent a ship to sea not divided in 
ance with the Act In 1 8G2 these rules were repealed r 
and on the whole, the action must be commendeid ; f 
the minimum number of bulk-heads required by i 
Act was altogether insufficient for safety in ships < 
large size, and the existence of such a law was liablf: I 
to create a false impression as to what amount of 1 
sub-division was necessary or desimble. Bhiivowners 
natumlly prefen-ed to be left free in the matter, 
and theie was no endeavour on the part of tho«e 
who shoidd have led public opinion to substitute J 
for the cancelled i^gulation one which gave a rwjf 
guarantee of safety to passenger and emigrant ships. 

Turning from Parliamentary regulatiotis to th<» 
rules issued by Lloyd^s Committee fur building iroa 
shiiis — which rules largely influence tJie pnictio 
of all Biitish ship builders^ and govern the duttid^l 
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fication upon wkicii underwriters rely in insuring 
ahifj® — one finds an absence of any i^uireraent for 
efficient water-tight sub-division. An iron Bailing- 
skip need only have a collision bulk-head : a steamer 
must have her engine room boiuided by water-tight 
bulk-heads, and have, besides, two bnlk-heads, one 
near the bow for safety against collision, a second 
near the stern. In very many cases the^e requii'e- 
ments are much moi^ than met ; but for purjioses of 
dassificiition the existence of a gi-eater number of 
bulkdaeads exercises no infliiejice. The total number 
of bulk-heads fitted is usually recorded in the 
Register Book, and an un€ler\\Titer pi-obably has 
Tegard Uy this featui^ in a sliip when deciding upon 
the tenns for insuiiuioe of ship or cargo ; but the 
general public knows nothing of these diiferences in 
construction in ships of nominally the same class. 

Very many cases ai^ on record where iron ships 
have been saved from foundering by water-tight 
8ub-div*iaion ; but we have no sj>ace for these nar- 
mtivea, interesting as they are. One sad example 
of an opixjsite kind must be mentioned, however. 
The troop sliip BirkenJhtad foundered some years 
ago^ when canying a large numl>er of troops, whose 
heroic liehaviour m standing tiist upon the deck as 
the ship sank will never be forgotten. One cliapter 
of that sad but gloiious story ia too oft<?n omitted ; 
it LB brief, but fuU of waniiag. As first built, the 
k.W was well divided into water-tight corn- 
dents ; but for the sake of convenience the 
partitions had been cut through to form paasagee, 
and when the hour of trial came this change proved 
fotab Could any circumstiince j>oint more forcibly 
the remarks previously made on the necessity in 
passenger-carrying vessels of siibordinating con- 
venience to the provision of safety, so far as may be 
possible ? 

The popular prejudice against iron ships as com- 
jjaretl with wood, was at the outset mainly based 
upon the supposetl readiness of the former to sink 
on very smaU provocation. We have ah^eafly 
exposed the fallacy of the opinion that "it is not 
natural for iron to swim" (s*]e p. 148); but the 
popular prejudice in this case, as in many others, 
contains a fragment of truth. It is an undoubted 
fact that, when damaged, ordinaiy iron ships sink 
niore rapidly than wood ships ; and the explanation 
of this difference is very simple. The skin of the 
iron ship is more liable to serious fracture than the 
thick, tough fdanking of a woo<l ship \ hence the 
area of the inlet-hole is likely to l»e greater in the 
iron ship, and the rate of inflow of water will be 
greater also. Nor is this all. The thin sides of 



the iron ship displace much less water than the 
tliick sides of the wood ship, when the damage has 
been effected and water has entei*ed the hold ; in 
other words, the iron structure, when damageti, is 
less buoyant than the wood. Now, it is imjwrtant 
to notice that the fioUition or sinking of any ship 
when damaged, depends upon the volume of the 
space to which the water can find access through 
the damagetl pai-t A timber-hulen ship, for example, 
may l>e yinictically titmnkable^ because her hohi is 
filled with material havinggreat bulk in proportion to 
its weight, and therefore leaving btit a comjjaratively 
small volume to which water can find access, Tliis 
same vessel with an empty hold might, if similarly 
damaged, sink I'apidly, because the water could find 
access to a large space in the interior. One way of 
keeping ships afloat is, therefoiHj, to pack them with 
some light wootl or cork, le^iving a small internal 
space ; but this is clearly a very objectionable plan 
in most cases. Internal capacity for cargo-caiTj^ng 
or accommodation is a most important feature, and 
one that cannot be sacrificed. By means of sub- 
di^osion into water-tight compartments, internal 
capacity can be left free, while the end served by 
light packing is B.ttmned^viz.^the 9paee to which 
water can find access i^ limiUiL Tliis is the funda- 
mental principle of all proper water-tight sub-division, 
and it is one of high antiquity. The Chinese from 
time immemoiial have fitted tmnsvei'se water-tight 
bulk-heads in their wooden junks. In special cases 
Eurojiean nations have imitate<l their practice ; as, 
for example, in wood vessels ei.iuip|)ed for Arctic 
voyages, Btit it is in iron shi|>s that the principle 
is of the highest value, for the reasons stated above. 
The best example^^ of its application are to be found 
in modem ships of war, which are exposed to special 
risks of under- water at tiw]!k8 by ramming or torpedoes. 
In the dj^Asdngs attached (Fig. 1) a good example 
is given of the principal methcKls of sub-division in 
an iron-elad ; only a few wonls of explanation will 
be needetl. Throughout quite two-thii^s of the length 
of the ship a "double Ijottom" ext^^nds (from a to K in 
p2t)fiJe) ; it^ usefulness was ejcplained in the pi*eoeding 
chapter. The hold of the ship is sub-tlivided by three 
systems of water-tight iron partitions. First there 
are the vertical tratisverm bulk-heads ; second, the 
ionffitudimil l>ulk-head at the centre of the ship, 
extending through engine and boiler rooms, and the 
other longitudinal bulkheads forming boundaiies to 
the coal spaces ; tlunl, there ai-e the hvrizofiUU 
platforms and decks, which are especially valuable 
near the bow and stem. Besides these principal 
fiartitions, it will be remarked that those built 
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Fig. l.—WATRB-Tioar Sub-division of an Ibon>clad Ship. 



primariJy for purposes of stowage or convenience — 
inclosing magazines, shot rooms, shaft passages, &c. 
drc. — are also made water-tight In some modem 
ironclads, the hold space is divided into no less than 
eighty to ninety compartments in this manner, 
and five or six of the largest of these can be filled 
with water without endangering the safety of the 
ship. It is not true that all ironclads are so well 
sub-divided ; nor is it right to suppose that even the 
most minute sub-division possible can suffice to meet 
all modes of attack. The accidents which led to 
the loss of the Vangiuird of the Royal Navy, and 
Grosser Kwrfiirst of the Grerman navy, furnish 
illustrations of both these statements; for these 
ships were damaged in a most exceptional manner, 
and neither of them was sub-divided so well as many 
ironclads are. Both of them were, however, much 
superior in water-tight sub-division to iron merchant 
steamers, in which even good examples could scarcely 
keep afloat with two compartments thrown open to 
the sea, and others, above the average type, would be 
at the limit of safety with one compartment bilged. 
In conclusion, we can only draw attention to the 
accompanying illustrations showing how water-tight 
doors are fitted in water-tight bulk-heads, when 
apertures have to be formed for passing from one 
compartment to another. All such apertures, of 
course, involve some risk, as it may happen that at 
the time of an accident the doors cannot be closed. 
This was the case in the Vanguard ; had it been 



possible to close the doors between the engine and 
boiler rooms the ship would not have sunk. Hence, 
many persons have advocated the entire disuse of 
water-tight doors in bulk-heads, but general opinion 
is in favour of their retention, as a convenience, 
means being provided for closing the doora in the 
hold even when a compartment is flooded with 
water. Fig. 2 shows the detail of such an arrange- 
ment for a door sliding vertically. The shaft («) is 
carried high up in the ship, and can be worked at 
the top ; its rotation moves the door up or down, 
and when the door is closed (as in the drawing) its 
edges fit into wedge-shaped grooves in a frame 
bolted to the bulk-head, so making water-tight joints 
In some cases doors are made to slide horizontallj, 
instead of vertically ; but the prin(Hple of working 
from above is carried out. The lower parts of hold 
spaces are, of course, most liable to be flooded, and 
'^ between decks " there is less danger of the doors 
being inaccessible. A simpler plan of hinged door 
is therefore fitted in many cases, especially in ships 
of war, to the upper parts of the bulk-heads. Fig. 
3 shows this in detail, and the " Plan '' enables one 
to see at a glance how the door is made water-tight 
An angle-iron rim, surrounding the doorway, presses 
with its edges against a strip of indiarubber fastened 
to the door, and the door is secured by means of 
pivoted "clasps" or "handles" placed at close 
intervals around its edges. When hatchways or 
openings have to be cut in water-tight decks, or 
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platforms, hinged water- 
tight covere or scuttles 
are fitted to the openings, 
the principle of these 
fittings being very like 
that of the hinged door 
in Fig. 3. 

The method of con- 
structing transverse 
bulk-heads will be under- 
stood by reference to the 
drawing on page 205. 
In that case there is a 
special mode of attach- 
ment to the skin plating ; 
but in ordinary iron 
ships with transverse 
ribs, the bulk-heads are 
simply attached to some 
of the ribs. Water-tight-, 
ness in the joints of 
bulk - head plating is 
secured by arrangements 
similar to those illustra- 
ted on page 204 ; and 
after the work is finished, 
it is carefully tested by 
water - pressure, in all 
well-built ships. 

When constructed 
with special regard to 
water-tight sub-division, 
iron ships are not only 
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stronger, lighter, and 
more durable than wood 
ships; but they can also 
be made safer, especially 
against foundering and 
loss by fire. When the 
hull of a vessel is built of 
inflammable matenals, 
like wood, a conflagration 
which once takes firm 
hold of a portion of the 
vessel is sure to spread. 
But with a well sub- 
divided iron hull there is 
a much greater chance of 
escape. The flames may 
be beaten back into the 
compartment in which 
they originate, or the 
compartment may be 
sealed up. The well- 
known case of the JSarah 
Sands illustrates these 
remarks ; for she was 
kept afloat and brought 
home safely, although 
one end was completely 
burnt out, and although 
the bulk - head which 
saved the ship formed a 
partition between the 
magazine compartment 
and that on fire. 
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HEMP, FLAX, AND JUTE.— IX. 

FLAX-TOW CARDING — SPINNING — ^WEAVING— REMARKABLE ACHIEVEMENTS ON THE HAND LOOM. 
By David Bremneb, Author op "The Industries op Scotland." 



THE short and rough fibres of flax extracted in 
the processes of scutching and hackling, and 
technically designated "tow," are far from being 
valueless, as from them are fashioned those coarser 
qualities of yam and cloth which serve a thousand 
useful purposes. Through all the preparing pro- 
cesses of ** line," or the longer and finer fibres of 
flax, the fibres are retained in a parallel position ; 
but owing to the mode of its separation the tow 
is collected in tangled masses. It was necessary, 
therefore, in turning it to account, that special 
machines should be provided. As the condition of 
the material resembled that of wool and cotton in 
their raw state, the carding engine naturally sug- 
gested itself as a means for dealing with it, and 
on a modification of the cotton carder being tried 
it was found well adapted to the purpose. Two 
carding engines are used — one the " breaker " and 
the other the "finisher" — ^both of them of a 
larger and heavier make than the machine used in 
preparing cotton. The main cylinder is usually 
about 5 feet in diameter and 6 feet in length. 
The breaker is fitted with a feed apron or creeping 
table, on which the tow is spread in an even layer, 
the quantity placed on a given surface of the apron 
being determined by weight. The tow is taken from 
the apron by a pair of rollers 2 J inches in diameter, 
covered with stout carding. From these rollers 
it is caught by the carding on the main cylinder, 
or "swift" as it is called. The cylinder moves 
much faster than the rollers, so that the fibres are, 
as it were, snatched up by it and drawn into some- 
thing like parallel order.* The knotted parts be- 
come fixed on the points of the wires, and the clean 
fibres fall in among them. The knots are not 
allowed to travel far before they are caught by 
the first of a series of seven small rollers, called 
" workers." Each worker has an attendant roller, 
called a " stripper," against which its wires work, 
but which is not in contact with the main cylinder. 
Between the worker and the stripper the tangled 
fibres are combed out, and then returned to the 
swift Should any knots escape the first pair of 
rollers, they will be caught by the second pair, and 
so on ; and by the time the tow has made the cir- 
cuit of the machine, its condition is very much 
improved. Experience having shown that the 
carding engine so]mrate8 the tow into two or more 



distinct and recognisable qualities, means are now- 
taken to keep these separate. This is done by the 
aid of three "doffers." The wires on the first of 
these barely touch the wires of the cylinder, and 
take off only the longer and finer fibres. The 
wires of the second are placed closer, and seize the 
fibres of medium size ; while the third doffer is set 
so close as to clean out all the remaining fragments 
of tow. The separate qualities of fibre obtained 
in this way are applied to such different purposes 
as they are best suited to serve. The finisher 
carding engine is fed with a lap of the tow frcnn 
the breaker. This lap is formed in a special 
machine, and consists of a number of ** slivers "^ 
placed side by side. In the further preparatioa 
of tow for spinning, various machines are used. 
The screw-gill drawing machine was found unsuit- 
able for dealing with the short fibres, as the fallen 
in descending not unfrequently dragged some of 
the tow with them, thus disarranging the drawing 
and clogging the apparatus. Messrs. Fairbaim 
and Co., of Leeds, devised a circular gill, which has 
completely removed the difficulty experienced in 
drawing tow. In their machine the hackles ar& 
fixed on the surface of small cylinders, each de- 
signed to deal with one sliver of carded tow, and 
the spikes are inclined backward from the dilu- 
tion of motion, so that as the cylinders revolve the 
spikes pass fi*om the fibre without dragging any ol 
it away. The same firm has also produced a tow- 
combing machine, which has met with consida^ 
able favour. It is an adaptation of HeilmaDn*s 
famous invention. Having been carded or combed 
and drawn, the tow is roved and spun in the same 
way as line. 

As the roving and spinning machines employed 
in flax mills are mainly modifications of thosft 
devised for working cotton, and will be found fully 
described in another part of this work, it is unneces- 
sary to say much about them here. The roving frame 
for flax is the same as the dra¥ring frame, so far as 
the back and front rollers and gills are concerned, but 
the sliver is more attenuated, and as it emerges from 
tlie last pair of rollers it is led to the tlirostles and 
twisted into a soft cord. Only one more process 
remains to complete the spinning, and tliat 
is accomplished on the spinning frame, which is 
furnished with from 200 to 300 spindles on the 
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throstle principle. There are three modes of 
spinning. ** Tht? first, and perhaps the oldest," 
says a high authority on the Bul>ject, *^ is that 
whei*e the drawing and twisting are performed 
^Jtogtither with the material preserved dry, and 
without breaking or shortening the fibres. By 
the second method the spinner draws the fibres 
while dry, but wets them just at the moment 
before twisting* This method is the nearest imit^i- 
tion of hand spuming, and makes the yam more 
solid and wiry than tbe first, as the fibres of flax, 
losing their elasticity when wet, unite and incor- 
porate better with one another. The third mode 
of spinning has been much more i^ecently introduced 
than either of the others, and by it tlie fibres are 
wetted to saturation pre\'ious to being drawn, where- 
by they are not only much reduced in lengtli, but 
their d^ree of tension is increased by the paitial 
solution of the giimmy matter inherent in the flaxen 
material. Owing to this circumstance, eqimlly good 
jams can be producetl by this mode of spinning 
from line or tow of inferior quality to what could 
be pi-oduced by eitlier of the others ; and not only 
that, but much fijier yams can now be spun than 
was possible previous to its introduction. It has, 
therefore, not only superseded all other methods of 
8|nnmng for yams, from 20's to the finest, but has 
mtich increased the extent and importance of the 
flax manufacture," 

From the bobbins of the spinning frame the yam 
is reeled into skeins or hanks. The *' lea," a length 
of 300 yai-ds, is the standard of yam measure in 
Hngland, Scotland, and Ireland, but the subsequent 
reckonings of quantity differ, "flms in England 
and Ireland ten le*is make one hatdi, twenty hanks 
one bundle, and six bimdles one packet ; while in 
Scotland thirty-eight leas make one spindle, six 
leaa one rand, twelve rands one dozen. The reel 
HBed is a long skeleton drum, capable of fonning 
a score of hanks at one time. Though yaiiis of 
marvellous fineness have been made of fiax, it is 
not usual to spin finer counts than 340 leas to the 
pound. The coai-sest yam made fix^m pure flax 
is about twenty leas to the pound. Besides yarns 
intended for the loom, threads and twines of various 
kinds are made of flax For the use of shoem<ikers 
a stout yam of strong fibre is produced. This is 
fdightly damped in spinning, so as to smooth down 
the fibres. From this yam the shoemakers form 
" wax-ends,'^ by placing together as iiiiiny folds as 
lUift required for the work in hand ^ and then waxing 
and t^Tsting them in a primitive manner. Tlie 
^extensive use of machinery in the shoeniaking 



trade has, however, largely supersetled hand labour 
and the old-fashioned wax-end, and now the thi-ead 
is waxed and twisted by mechanism and suj*plied 
to the sewing miMihineB on bobbins. For ttiiloring 
purposes vaiioua qualities of lineji thread are made. 
In this case the fibre iu com^se of being spun la 
passed tlirough hot water, which makes the thread 
smooth and firm. Twine for the manufacture of 
fi.shing-nets is also made of flax. The threads and 
twines are made up in various ways^in hanks, 
balls, or on ix>bbins— according to the requii-ements 
of the purchaser. Most threads before being made 
up are boiled in soda lye to purify them to some 
extent, and it is at this stage that those intended 
to be coloured are dyed. For tailoring purposea 
the threads ai-e usetl either in tlie ** whitey-brown " 
state in which they are left by the first boilings 
or they ai^e dyed black or dark blue. Logwood, 
sumach, and copperas are the chief dye stuffs used ; 
and soda lye, chlorine, and sidphuric acid for 
bleaching. Tlie yam is boiled or dyed in hanks, 
and after it has been di-ied it has to be twisted 
and rubbed in order to soften it Some tli reads are 
polished to enable tliem to pass more easily through 
the material to be sewn, and this is done by coating 
them with wax, farina, &c., and subjecting thorn to 
the action of bi-ushes in a machine sj^ecially de- 
signed for the purpose. 

Flax is woven into a variety of fabrics suitable 
for a wide range of uses. Tfie finest cloth maiie of 
it is cambric, which, in the foi-m of ^>ocket-hand ker- 
chiefs, has long been in favour. Of the same mate- 
rial, as well as of a heavier cloth, under-clothing of 
the be^st quality is made. For tjible use nothing yet 
introduced excels the beauty and purity of linen, 
and in its production in this form the aid of tlie 
artist as well as that of the mechtinician has been 
invoked Of hea^-ier materials made of flax, it is 
unnecessary to mention more than sailcloth and 
sacking. Up till a c^mpaiiitively I'ecent time only 
the hand-loom was employed in the linen manu- 
facture. Wlien looms worked by power had been 
introduced into the cotton factories, it was hoped 
that the same machine could be made available for 
weaving linen ; but experiments pi*oved that thia 
ex]>ectation was fallacious ; at least, without some 
adaptations, which did not readily suggest them- 
selves. So elastic is Uie fibre of cotton, that yam 
formed of it will stretch considerably before break- 
ing, and the same quality pert-ains to wool and silk ; 
but flax is so consolidated, that if yam matle of it 
be sti-etched to the extent of even an inch to the 
yard, it will break. Owing to this peculiarity, the 
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war^) threads snapped so frequently under the action 
• of the treddles, that the work could not be carried 
on profitably. Other circumstances retarded the 
introduction of the power loom into the manu- 
facture. One of these is thus explained by Mr. 
Charley : — " So long as a man's labour could be had 
at the hand loom in Ireland for a shilling a day, it 
was felt no power loom could work much, if at 
all, cheaper." In England and Scotland, however, 
labour was not so cheap, and mechanicians in those 
divisions of the kingdom applied themselves to the 
production of a loom that would deal successfully 
with the peculiarities of the flax fibre. Scattered 
references occur to improvements of the power loom 
in the way of 
adapting it to 
weave linen 
yams; but up 
totheyearl812 
none of these 
inventions ap- 
pear to have 
succeeded. Mr. 
Warden in- 
forms us that 
"the first really 
successful 
manufactory 
for weaving 
flax goods by 
power was es- 
tablished in 
London in 181 2 
or 1813, when 
this country 
was in the very 

height of the struggle with Bonaparte. The factory 
was connected with the extensive rope -making 
works of Charles Turner and Co., Limehouse. The 
warp yams were starched, and went through a 
laborious preparation, and the entire process would 
be reckoned very slow in the present day, but, 
for the period, displayed much mechanical skill 
and ingenuity. The yams were chiefly spun by 
Neilson and Co., Kirkland Works, but towards 
the close of the war Messrs. Turner erected a 
mill for spinning their own yams. At the peace 
of 1815 the demand for their goods ceased, 
and the spinning mill was stopped. The power 
looms, however, were kept on, and in 1832 they 
were still working, and at that time were making 
goo<l canvas ; but not long after they were stopped." 
In 1821 the linen manufacturers of Dundee and 
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Kirkcaldy introduced the power locin into their 
factories, and from that time the use of the machine 
gradually extended to other centres of the trade in 
Scotland. The saving eflected as compared with 
the work produced on the hand loom was reckoned 
at 25 per cent. A power-loom factory on a con- 
siderable scale was established at Aberdeen in 1 824 
by Messrs. Maberly and Co., and still exists, in a 
greatly extended form. "This establishment,** 
says Mr. Warden, " may be called the parent of 
Unen power-loom works of the coimtry, because, 
from the great talent and mechanical skill which the 
proprietors employed, and the strong eflbrts they 
perseveringly made to adapt machinery to linen 

weaving, the 
obstacles whidi 
had previously 
barred its pro- 
gress were obvi- 
ated and suooeas 
attained. Iliis 
work ifl^ there- 
fore, perhaps 
the oldest linenr 
wea^-ing estab- 
lishment by 
power in exist- 
ence." 

The power 
loonis used in 
the linen manih 
facture ire 
similar in the 
main to those 
on which cot- 
ton goods are 
woven. They are, however, stronger and heavier 
in their parts, and the warp is led over a vibrating 
roller, which accommodates the strain to the 
motion of the treddles, and so compensates for the 
want of elasticity in the fibre. The diflferenoe 
of cost between a power loom for cotton and one 
of the same width for linen is as XIO to £IL 
In preparing yam for the loom it is first carefuUy 
boiled and washed, and if intended for white goodi 
is bleached. The warp yam is wound upon a roller 
by aid of the warping machine, and in this form is 
removed to the dressing room, where the yam is 
unwound and drawn through a paste generally 
made of Irish moss, the well-known name for the 
dried leaves of the sea-weed Cliondrui crispus. The 
dressing is dried by passing the yam over heatfd 
rollers, from which it passes to the warp beam o£ 






the looiiL Tlie weft meantime has been woimd 
^jx>ii shuttle bobbins. Tlie constmction of the 
loom and the mode of placing the yam upon it will 
be txiXij describetl and illustrated in the pajiem on 
** Cotton/' so that it is imneceRsarj to go iiioi*e into 
detail here. The hneness of linen cloth is i-egulated 
hy different scalea The onlinaiy scale is 40 inchcB, 
and according to the number of waq> threads used 
m that width the quality is denote^l ; but tliei'e is 
this anomnly in the naming ; that a web with 2,000 
threads in its width is called a teji-bundi^d (10") 
web, because in putting it into the loom two threads 
are put through each oi>eniiig in the i^ed. GhisseB 
of a speciul kiud are used to measure and count the 
thre^ in the cloth. The looms in which plain 
Hnens are woven are of the simplest construction, 
while those on wliich t^4Ils, diajiers, anrl hucka- 
backs are pradueed ai-e more or less compheated. 

Though the hand lo*>m has been all but diiven 
from the field by the Bteam-propelled machine, it 
becomes us to hold in grateful remembi-anee the 
V8ef\il part it played thrangh so many centuries. 
Its capabilities in the hands of skilled opmtives 
were far beyond what is generally believed. The 
history of the linen manufactui'e records many dex* 
terous feats of weaving on the hand loom, and a 
few of these may be mentioned here. In the year 
1702 a Dtmfermline u-eaver made a seamless shirt 
in the loom, and a like feat was suhsefiuently per- 
formeti by other weavers in different parts of the 
Idngdom. David Sands, of Kirriemuir, Forfai-Rldi-e, 
invented in 1760 a mode of wea^Hng double cloth 
for stay or corset makers, in which all the seams 
and sheatlis for whalebone were jiei-fectly formed, 
and little work was left to i>e ixji^oi-med by the 
seamstress* At a later period we ai*e told that 
** he encoeeded in weaving and finishing in the 
loom three shirts without seams. Not only did he 
weave the cloth, but he hemmed and stitched them, 
wi^ought butttim-holes, put on buttons, and also put 
mfflea on the breajst, all in the loom. These won- 
derful protluctions of the loom were exhibited among 
hiB acquaint4tnces, and he then sent one to the Board 
of Trustees for Manufactures, another to the Duke 
of Athole, and a third to the king. "WHiether any 
of the shirts are still in existence is unknown, but 
their ingenious maker died shortly aftei* having 
accomplished this extraordinary work, fjoor in purse, 
though rich in local fame.** Another Dunfemiline 
weaver named Anderson produced in the year 1821 
a 8hii*t of a much more ehvborate design. It was of 
very fine linen, and bore on the breast the British 
aims worked in heiiUdic colours and gold. For 



the accomplishment of this work Antlei'son re- 
ceived j£10 from a fund created in Glasgow for 
encoumging improvements in the textile manufac- 
tiu'es, Tlie gannent was presented to his Majesty 
George TV,, who marked his appreciation of the 
ingenuity displayed in making it by a gift of £50, 
In later years Anderson produced on his loom a 
chemise for her Majesty Queen Victoria. It was 
composed of Chinese tram silk and net-warp yarn, 
and had no seams. The breast bore a portiuit of 
her Majesty, with the dates of her birth, ascension, 
and coi-onation, undeiTieath which were the British 
arms and a givrland of national flowei-s. The flag of 
the Dunfennline Weavers' Incorporation is also 
mentioned as a remarkable piece of hand-loom woik. 
It consLstijof a solid body of silk damask, bearing a 
different design on each side, and yet both ai'e inter- 
woven. The ingenuity display ed by the weavers of 
Dunfemiline, in the instances I'ef erred to, was not 
a limited possession, for the manner in which the 
damask manufacture was tiiken up and developed 
in the town shows that the jieoide genenilly jhjs- 
sessed a natural aptitude for the work. In Ii-eland 
the hand-loom weavers do not appear to have sought 
a reputation for the prodnction of " fancy work.'* 
What they vied with each other in was fineness of 
textui^e. In the year 1714 a weaver named Browne, 
who live*! in the Lurgan district, became a person 
of much interest and imjxjrtance through having 
produced what wjw then considered a marvellously 
tine s|»ecimen of cambric. !Many pei"Sons tmvelled a 
long distance for the purpose of insjiecting the web ; 
and so widespread did the interest in it become, that 
Browne found it profitable to i*eljuqiiiHh hi^ loom, 
and make a tour thix>ugh the north of tlie inhind to 
exhibit his handiwork. Though, no doubt, a marvel 
of fineness at the time, Browne's piece of cambric, 
being only what is known as a 16", would not now 
rank veiy high. Moses Fa His, of Waringstown, 
wove a web of 28"^ about the beginning of the pre- 
sent century, which whb the finest piece of flaxen 
goods seen in Ireland up till that time. It sold for 
two giiin^is a yanl, and was finally presented to tlie 
Princess Charlotte. *' For many years aftei-wards 
the pei-son who wove that unique piece of cambric, 
and Sai'ah Haughey, the woman by whom the yam 
was spun, wei-e local oelebritiea." By the year 1851 
great progress had been made, and improved me- 
chanism enabled the manufacturers to far out-dis- 
tance the achievements of the hand-loom weavers oi 
earlier times. From an account of the Irish ex- 
hibits at the Great Exhibition of thnt year, we quote 
the following passage in illustration of the fact 
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stated : — " The cambrics shown by Mr. Henning, of 
Waringstown, were objects of the greatest attraction 
to the trade, and especially to Continental makers. 
One of these was a 28** bordered handkerchief, the 
warp of which was 400 leas, and the weft 700 leas. 
The next was a 30 '^ of the same maker and goods, 
with 550 leas warp, and 750 leas weft ; and a third 
web was a 32°°, of 650 leas waq), and 850 leas weft. 
Still more attractive was a 36°° handkerchief, the 
warp of which was 750, and the weft 1,000 leas. 
But the triumph of the whole was a plain cambric 



of 40°° reed, the warp 900, and the weft 1,100 leas ! 
The 36°° handkerchief was the finest ever made in 
Ireland, and the plain cambric web was the highest 
set known to have been manufactured ixx any country. 
It was 16^ yards long, and when ready for the 
bleacher it was folded in a moderate-sized envelope, 
and forwarded through the post-office to Messrs. 
Charley, of Seymour Hill, and finished by those 
eminent bleachers in five days. For this unique 
specimen of Irish cambric the Exhibition jurists 
awarded Mr. Henning a gold medal'' 



IRON AND STEEL. — X. 

UTIU8ATI0N OP WASTE GASES, ETC. 
By William Dundas Scott-Monckiepp, C.E. 



VE have already had occasion to speak of the 
importance of economising our supplies of 
coal, which are every year being reduced by millions 
of tons, and we will now give some account of the 
methods employed for doing so. In the great ma- 
jority of cases in which coal is used for heating 
purposes, thefe is a difficulty in supplying a suf- 
ficient quantity of oxygen during the first stages of 
combustion. When what is called " green " coal — 
that is, fresh fuel — is thrown upon a fire or into a 
iumace, the heat immediately causes a great evo- 
lution of gas, and this is generally in excess of the 
amount of oxygen avaUable for burning it. The 
consequence is that part of what ought to be used 
for raising heat in the fire or furnace escapes 
in the form of gas and carbon, and appears in 
the smoke that issues from our chimneys. 

From a social point of view, it is almost impossible 
to over-estimate the nuisance that arises from the 
failure of science to solve this problem of complete 
combustion. Habit has accustomed the inhabitants 
of our large manufacturing cities to ^an amount of 
dirt and inconvenience which materially interferes 
with the common amenities of existence. The 
elements which all mankind — and, in fact, the 
whole animal kingdom — ought to enjoy as their 
birthright are denied to the wealthiest inhabit- 
ant of a manufacturing town. The light is ob- 
scured and the atmosphere polluted to an extent 
ihat accounts for many of the worst features of 
our social life. Among the labouring classes a 
winter spent in a large industrial centre is often a 
more trying ordeal, in all its essential elements, 
than banishment to the wildest and the most inhos- 
]>i table regions of nature. Rising in darkness that 



is firequently rendered more obscure by smoke and 
exhalations, they return at night to breathe the 
same perpetual foulness. The conditions which 
produce lassitude among the educated and the 
wealthy, rendering change of air a necessity, cannot 
be supposed to leave those who are more constantly 
subjected to their influence unaffected by their con- 
tinual presence. It seems unreasonable to expect 
that the prescriptions of the physician for the 
better classes, in the form of tonics, should not find 
their counterpart among the working classes in the 
sliape of stimulants, with all their concomitant 
evils of drunkenness and crime. One may safely 
say that the moral effects of this failure of science 
to solve the problem of complete combustion are 
to be estimated as a great national calamity. 

The physical results are even more apparent 
The labour necessary to combat with the dirt 
arising from the smoke of a great city must of 
itself be equal to any one of its largest industries. 
Unfortunately, this labour falls to the share 
of those who are already over-burdened. It too 
often overpowers the exertions of the workman's 
wife, who at last gives up the contest, and contents 
herself with the constant contact of squalor. Let 
any one estimate foi himself the money \'alue 
represented by the labour necessary to clean the 
windows, and sweep the chimneys, and beat the 
carpets, and wash the extra linen of such a city as 
Manchester, and he will then discover the social 
importance of complete combustion. An apolc^ 
for introducing the subject in this paper is to be 
found in the fact that the iron trade has hitherto 
been one of the principal offenders. It is enough 
to mention the ^^ Black Country " as an instance of 
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its ravages, and to i-emind those who liuve travelled 
tlirougli its deaolations, of the wilderness which is un- 
relieved by the shjulow of a single tree, or the fi^egh- 
ness of a pateh of verdure. Since Science hits made 
the world diity, her next most pressing duty is to 
make it clean. 

Many years ago I made exjjeriments in a di- 
rection which J I believe, is more likely to lead to 
a radioaJ ciire of the evil than any other with which 
I am acquainted ; and as an account of these will 
help to explain the true principles of complete com- 
bustion, I make no apology fur giving a short 
deftcriittion of them. In order to make certiiiii 
that the gaseous pi-oducts of the coal were fully 
consumed, I tlivided the process of combustion 
^to two parts, the first of which consisted of 
Separating tlie gas from the solid portions of the 
fuel known as coke, and afterwards burning the 
tjoJid residue. For this purpose a retort, such as 
that which is commonly used in gas-works, was 
in/^rted in the furnace of an ordinary Cornish 

^ boiler, and the bottom of it was thus exposed to the 
action of the fii*e. The door of the retort, slightly 
projecting from tlie fi-ont of the boiler, was easily 
accessible, and aflbnled i-eady means of charging 
tlie retort with " green " fueh A pipe wtia arranged, 
ftomething like an ordinarj' gas-bracket, which could 
be swung towanls the door of the l>oiler furnace, 
and, shortly after the retort had been charged, a 
large jet of gas issued from the nozzle, and was 
directed over the burnhig coke of a preinous cimrtfe* 

I It can be readily undergtoo^l that ifc was an easy 
matter to admit sufficient air for the complete com- 
bustion of this continuous flow of gas, more espe- 
cially as it |iassed over a (ire of burning coke. In 
this way not only was the chimney free from the 
'nt ap]>eamnce of smoke, h\\% all the other 
, <i ts of the coal, consisting of tar, *fec., were 
saved, and collected in a receptacle arranged for the 
puqiose. As soon as the gas ceased to come from 
the retort, its contents, consisting of hard and 
brilliant coke, wei^ removed and thro^^^l into the 
furnace, whei-e they became the means of consura* 
ing a fresh jet of gas from another charge. Tliia 
double process couhl be earned on for an indefinite 
period. Although unable to follow up these ex- 
periments, I can still jioint to them as the only 
method I know of for producing comjjlete com- 
bustion and taking the full advantage of it In 
many branches of the iron trtwJe, as well as in 
nearly every other industty requiring the con- 
B sumption of fuel, this separation of the products of 
I combustion into theii* solid and gaseous constituents 
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will, no doubt, L>e ultimately adopted, but most 
probably not until some unfortunate victim is 
found who is ready to sacrifice his life and for- 
time in |iersuading ti'atlers that it possesses certain 
advantages. 

Tht3 prevention of smoke arising from the use 
of coal for domestic puiposes seems to me to de- 
pend upon the same conditions ; and as every one 
would be the gainer by a system in which just so 
much giis was removed hxmi coal as to prevent its 
smoking when freshly kindled, there seems to be no 
i*eason why it should not be adopted. If the laws 
were as stringent now as they wem in the days of 
Kdwanl L, probably sonie advances would be made, 
for that monai'cli prohibit'ed the use of coal in 
London and its suhmba, "to avoid the sulferoos 
smoke and savour of the firing." The prooesa 
which is nearest to that just descnbed haa come 
into extensive use in the iron trade, and is known 
as the Siemens regenenitive fui'nace, from the 
name of its well-known inventor. 

This fonn of furnace haa been extensively ap- 
plied to the puddling process, and also to the 
methoitl of producing steel with which the name of 
Dr. Siemens is more e8i)ecialiy associated. In the 
earlier furnaces of the Messrs. Siemens, the plan 
adopted was simply to take advantage of the waste 
heat by passing it alternately finst through one 
brick chamber and then through another, l>oth 
of which exposed a gi*eat amount of siu-faoe. Aa 
soon as the waste heat was turned oflT from Na 1 
chamber into Ko. 2, the air necessary for the 
combustion of tlie fuel in the furnace was passed 
througli No. 1, and as it came in contact with the 
high temperature of the heated biicks, was con- 
verted into a species of hot blast. No, 2 chamber, 
in the meantime, having become heated by the 
■ posaoge of ihe waste heat, became the means, by the 
reversal of the valves, of heating the current of air 
when turned on m that direction. Certain diffi- 
culties which aiose in applying this principle with 
solid coal led to the use of gaseous fuel and the 
introduction of gas-prod ucere. These consist of 
combination chaml>er8, in which the fuel is thrown 
in from the top, and being suppHetl with fire bars 
at the side near the bottom, admit of the coal being 
consumed in that direction. The combustion is 
carried on very slowly, and the volatile constituents 
of the coal, consisting of the ordinary products of a 
gas ixitort, pjLss on to the funaace, after being raise*! 
to a high temi>erature in one of the regenei'atoi'S 
ali-eady described. An improvement upon Uiia 
process was introduced shortly afWrwards which 
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comes still neai*er to a complete separation of the 
gaseous and solid elements of the fuel ; but although 
a solid residue is saved^ it is not afterwards em- 
ployed as an essential part of the process, which only 
deals with the gases. This improvement consists of 
passing highly-heated air through the coal, so as to 
rob it of its gas, the necessary heat being obtained 
from regenerators, the temperature of which is 
entirely dependent upon the passage of the waste 
heat that would otherwise be lost. The elaborate 
details of the Siemens furnaces are arranged with 
the object of taking advantage of every chemical 
and mechanical combination that can possibly add 
to the heating value of the fuel, and the gi-eat 
economy obtained from the application of this 
system entitles its inventors to the foremost place 
among those who have attempted a solution of the 
difficult problem of complete combustion. The very 
number of these details is, however, one of the 
great defects of the system, as they are necessarily 
accompanied by a large amount of wear and tear, 
with much corresponding ex][>enditui'e. The simplest 
method of obtaining the full effect of the waste heat 
in furnaces such as those which are used for puddling 
and heating iron seems to be that already suggested 
by my own experiments. In this way the gas is 
removed from the fuel, and the high temperature it 
receives from the waste heat is rendered available 
for the furnace, while the solid residue is preserved, 
and can be added to the combustion of the gas as it 
is required. 

As we have already explained at some length, the 
greatest improvement that has been made in the 
direction of economising fuel in the iron trade is 
the hot blast, which has done more than all other 
appliances put together. It was very evident, how- 
ever, that a great deal had still to be done, so long 
as the flames of the blast furnace and all the 
products of combustion, including an immense 
amount of heat, were allowed to pass freely into 
the oi)en air, where they were lost for ever. 

As generally happens, we find that the pressure 
of necessity was the first mother of improvements in 
the utilisation of the waste gases of blast furnaces, 
and that the earliest steps were taken where the 
pressure was most severe. As may be supposed, 
this was not likely to be in a country so well sup- 
plied with fuel as our own, and, accoi-dingly, it is 
to France that we must look for the first efforts to 
utilise the waste heat of the smelting process. So 
early as 1811, M. Aubertot, who was the proprietor 
of iron works in the Department of Cher, obtained 
a patent for making use of the waste heat of blast 



furnaces, by employing it for the burning of lime or 
bricks, and also for the cementation of steeL He 
reserved only the latter application as his monopolj, 
and offered the rest of his invention to the iron 
trade, at the same time stating his readiness to give 
every information in his power. M. Aubertot had 
ample means at his disposal for testing the ] 
of his invention, as he possessed several 
works, or managed them; and before long tbeve 
was a considerable interest excited with regard to 
its application. 

The result of actual trials proved that the heub 
obtained from the waste gases arose not onlj from 
their high temperature, but from their capadtj ftr 
combustion when exposed to a supply of air under 
suitable conditions. It does not appear how tut 
the practice of M. Aubertot, and the interest whidiit 
had excited in France, led to the development of tba 
system in this country, but we find that a patent 
was taken out by a Mr. Moses League so long ago 
as 1832, in which he proposed to apply the waste 
heat to the ovens of the hot blast iron, to sare tba 
fuel ordinarily employed for this purpose. A few 
years afterwards steam was successfully raised m 
boUers at the blast furnaces at Rustrel, in Franos^, 
under the superintendence of an English engineci^:. 
and an arrangement of valves was then introdnoed ' 
which proved that the proper admixture of conunan '.' 
air with the escaping gases was a necessary nnnditisn ' 
of success. In this country the principal orediIsC ' 
introducing this important source of economy ] 
with the veteran ironmaster, Mr. Budd, of 
fera, in South Wales. He first made use onljl 
high temperature of the waste gases, as this Wil 
sufficient to heat the air required for the hot blsslsl " 
the furnaces without their combustion. He s ftM^;- 
wards employed the combustion of the gaSss ttt^ i 
raising steam in the boilers required for driTiii^ fitfri t 
blowing engines, and his success led him to wills ^ 
as follows in 1848 : — ** It would appear to be asosi^i? 
profitable to employ a blast furnace, if as a flM v 
generator only, even if you smelted nothing in il^^ 

and canied off its heated vapours by flues to ^^* 

boilers and stoves, than to employ a separate firs 1 
each boiler and each stove. These coxmdentiaulii 
irresistibly suggest to me a great revolutioa ii'd 
metallurgical practice ; a new management, in SmA^ 
of furnaces and works, by which considerably above ' 
£1,000,000 a year might be saved in the iron tradi 
alone." 

This was written in 1848, and has since provsj 
to be a correct prediction ; but in spite of that^ ttl 
open-mouthed furnace is still in vogae^ 
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out flames and fumes, and will probably continue to 
do so until the genei'ation that owns them has passed 
away for ever beyond the power of controlling their 
construction. 

The most approved plan now adopted for remov- 
ing the waste gases is that of drawing them off by 
means of a lai-ge pipe, foinned of malleable iron 
plates riveted together, which bi-anches away from 
near the top of the blast furnace ; and the method 
of supplying the fuel and the charge of ores and 
limestone is that which has already been illustrated 
in the thiixl chapter of this series. This is known 
as the cup and cone, and is exceedingly simple in 
its construction. It consists of a large cone of iron, 
which forms a sort of lid to the fumade, on the 
outside of which the proper amount of fuel and 
ironstone are allowed to rest until the moment the 
cone is lowered, when they all slip down for 
want of supix)rt, and fall into the furnace beneath. 
The raising and lowering of tliis cone is greatly 
aided by the back weight which is attached to the 
lever from which it is suspended, and the time 
occupied in the introduction of a new charge of 
fuel and ore is not more than a few seconds. The 
brazier, which is always kept burning over the top 



of the furnace, is placed there for the puipose of 
igniting the gases when they escape when the cone is 
lowered, as they would otherwise explode when 
mixed with a certain proportion of common air. 
There seems to be little doubt that in furnaces 
using the hot blast, and with a proper arrangement 
for consuming the waste gases so as to heat the 
ovens and raise steam in the boilers, the highest 
|X)ssible amount of economy is attainable, as there 
is nothing in the process which is inconsistent with 
the true principles of combustion. The solid residue 
of fuel in this case is, of course, required for the re- 
duction of the iron ores to a molten state, and this 
goes on in the furnace itself. 

It is sincerely to be hoped, for the sake <rf 
those whose lives are now spent in r^ons that 
are darkened by smoke and berimed by soot, that 
some equally intelligent ai)plication8 to science 
will be adopted in the other branches of the iron 
trade, as well as in every industry that requires 
the consumption of coaL And it is much to be 
desired that the welfare and comfort of the i)opula- 
tion should be at least as great an incentive to 
improvement in the future as the love of gain has 
been in the past. 



WOOL AND WOESTED.— IX. 

SHODDY AND MUXGO. 
By William Gibson. 



RAG-PICKERS are coeval with the paper manu- 
facture, but this class of persons until the pre- 
sent century always carefully avoided rags made of 
wool, or even mixtures of wool and cotton, or wool 
and any other fibre, for the simple reason that they 
were considered almost valueless. But as paper- 
making progressed, and became remunerative, specu- 
lators began to ask themselves why the only rags 
to yield fortunes should be cotton ones. Was it 
not possible, for instance, to utilise cast-off coats, 
stockings, woollen hosiery, worn-out blankets, and 
discanled trousers) This question led to trials 
being made with the hitherto neglected materials, 
and, in course of time, to the establishment of an 
altogether new industry — the shoddy, mungo, and 
felt trades, and various occupations more or less 
intimately connected with them. Among the latter 
may \)e noted the numerous class of rag merchants 
all over the world, who, in their various localities, 
gather together the raw material — worn-out gar- 



ments of all kinds, blankets, hosiery, Ac — and for- 
ward it to the manufacturing centres ; the shoddy 
dealers in the commercial districts who receive the 
various consignments from agents widely scattered ; 
and rag sorters who prepare the material for the 
manufacturers, of whom there are in the Batlev 
district several hundreds, all employing a consider- 
able number of hands. 

These last-mentioned form an important fiictor 
in the shoddy trade. It is their business to sort 
the rags according to their colours, quality, hard- 
ness or softness; and, in case the consignment 
consist of garments, to cut out the seams, which 
they do rapidly and efficiently. It may, indeed, 
broadly be said that these work-people are, in th^^ 
branch of manufacture with which we are dealing, 
as indispensable as the wool sorters in other branches 
of textile fabrication. 

So far as we know, there is no direct evidance as 
to the person who first ground or tore up wooilfo 
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rags, and it ib equally unknown at wliat precise date 
the opei'atioii was fimt undertaken. Probably many 
entf q:»riHing pei'son.s triod what tliey could make out 
of woollen ragK, and not haviug succeeded, ceased 
further endeavour. Wbat we do know Ls, if meagre, 
at least authentic. Some few fuinitMre manufac- 
turers — chiefly makers of betkling, mattresses, and 
attiffed furniture, m and around London, the cliief 
»eat of the paper manufacture of this countiy — and 
a few satldJers in the nietropoliK itself, uhihI krju^er or 
smaller quantities of woollen '* floekw " to mix with 
hiiir and other materials in their business. But u]> 
to the year 1813, nobody ever thought of aj^plying 
the product to the cloth trade, untO a Yorksliii'e 
manufacturer, merely by accident, saw a satUller 
employing it to stutf a piece of lianu S8. The mann- 
factui-er inferred to was Mr, Benjamin Law, who 
C4innetl on businese in Batley. Having occasion 
rhile in I^ondop t^ call upon a ^uululer, he saw one 
f the workmen using a material, totally new to him, 
^f a long, woolly fibi-e iTseinbling the material with 
which he was »o familiar. On taking a liandful 
fin>m the heap to examine it, he found it really was 
wool, and he was led to ask a few tjuestions aa to 
where it came from and who manufactured it. He 
learne<i to his 8Uq>rise tliat it wa8 the outcome of 
old stockings, hosieiy, or blankets He thought it 
was cajmble of being spun, and, with the view of 
trying the exj>eiiment, sent an onler to the person 
who sold it, and u[Kifi niLxing it with a small pei*- 
centage of new wool, wove it into a piece of cloth. 
This was in the yeiir 1813, Mr, Law found a 
ready sale for his new juxRluct, at once invested the 
whole of his cajtital in the eiiterpriHe to which he 
had been leiJ by a chance visit, and Wcame the 
founder of the sliodtly trade, Mr, Law was a native 
of Gr**at Cromei-sal, a villjige near Bi>wlfonl, and was 
born in the year 1772. Finding that he could pro- 
duce more than he could dispose of in the English 
market, he sent his son John with a large consign- 
ment of goods to America, %vhei-e he met with a 
ready sale at a ejcm-kI protit. A seoond ventuit* in 
the same direction was agreed ujton, and into this 
the original shoddy manufacturer put all his energy 
and all hLs money. His son stained, no doiilit with 
high hopes of success, and M\\ Law himself, in n\\ 
likelihood, looked foi^'ard to se<-uring the means of 
extending his business. Weeks passed away, but 
Mr. Law heaifl nothing of his son ; and at length, 
fearing that he had died, or that some accident had 
happeneil which prevenie<l his writing, determined 
to go on t in search of the young man and his precious 
freight He went to America, sought high and low. 






but no trace of his son or the goods could Ik* founds 
and he returned home compaiiitively a ruined man- 
He died in Stock jioii in 1837, and was huiied in the 
chnrchyard of Batley.* But the trade once started, 
many wei*e willing to carry it on, and the result is 
that a large and continually inci^easing i>Cipulatioij 
has been dmwn to Batley and the neighbouring 
villages, which ai*e chiefly engaged in the shotldy 
manufacture. 

Another name in connection \Wth this branch of 
trade must l>e mentioned — that of Mr, Samuel 
PaiT. To this gentleman belongs the honour of 
having introdnced to the world tlie material known 
by the name of ** mungo." This difl'ei^ considerably 
from shoddy. Shoddy, properly so called, is a tenn 
applied to soft woollen rags, oiiginally made of 
woi-sted, tliat have l>een torn to tattei^, or ground 
into a soit of pulp in the '* devil" Mungo is the 
name given to tlie same sort of niateiial obtained 
fjxjm woollen i*ag8, whether old coats, vests, trousers, 
or tailoi*s' clippings. Mr. Parr introduced mungo 
in the year 1834. He oftered a rjuantity of 
it for sale at Ossett, near Wakefield, Nol>o«ly cared 
a^KJut buying it, and one j>erson is i*eported to have 
remaj ked to Mr, Parr, ** I dovd>t it winnot goa." 
** Win not goa!" replied the iK^i-sistent salenman ; 
" but it mun goa at som price." And ** goa ^* it 
did ; since when it has been kno^^^l by the name of 
mumjo. And ai though shoddy was first in the fitdil, 
^Ir, Parr's discovery has completely out-4listaoced 
it in the nu>e of i*opvdarit)', nine-tentlis of tlie cloth 
now made in Batley and the distnct being of tliis 
matenal, 

Peoplt^ nsefl to have the notion that shixidy was 
a sort of felt, but that is not the case ; other.H api>ear 
to think that it is entii-ely oomposetl of old material 
worked up, and this is ec^ually au ent^n All shixldy 
cloths have a larger or smaller i>erccntage of new 
wool in them, and the l>etter kinds ai-e manufactured 
entirely fix>m new hustings, tailors' clippings, and 
wool never use<l befoi-e. Shoddy really is only the 
.short scraps that leave tlio *' devil/' akiiongh th*^ 
materal in which it forms jin ingredient lieai?. the 
generic title, 

Shoildy or njungo leaehes Batley in l>jdi*s, and, 
so to sj^eak, ht nafnranOns, with all its g!*easy and 
ilbrij admixttn^es. Tliese bales ai-e opened out, ami 
the contents sju-eatl V»efore women, who sort or pick 
tliem. The value of the rags varies, those lavjught 
from Finance, Germany, Belgium, Holland, and 

• Tlie writer i» irnlebte<f to Mr, .lohn T*nw, nrcltitect, Bfttlejr, 
ftu it gnimUoii of tijo foumler of the tn\*lt:, for nmny of the 
facU iu tUiB Kketch. 
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Scotlaiicl )mng tJie cleanest, while those imijoi-tecl 
from livlaiirl ni**^ the woi-at. Thi^e, rnendetl, ilamed, 
dirty, and tilthy to the last degi^ee, give the pickei*s 
tlie gi-eatest trouble ; while the others for the rno«t 
pirt are couiiKirativel y clean, aiid when ^* steamed " 
ar© ready for the next oijei-ation. The j>ickei*8 sit 
upon low stools, almost hidden among monnds of 
nigs, which they expeditiously assort aoconling to 
(Umlity and colour. 

Gnnding is the next stage in the manufacture. 
Tlio machine by which tliis opemtion is itei-fonned 
in the shoddy ti-ade is popularly called a " devil ** 



s?r 



and dencending evolution of the ** swift " oi 
dnim, the mgs are now ordy torn in front of it, i 
at the ceuti'e of its ascending motion. But th©J 
machines in use to-day are much more eflicient|J 
because the number of teeth in the " swift * 
greater, its si^eed has been largely increased, and^ 
the mechanical fiins, for driving off the dost a& 
the nigs ai-e torn asimder, much improved. The 
'* swift" now contains as many as 12^000, nxid even 
15,000 teeth, when iLsed for mungp, and revolve* J 
at the rate of fi-om 700 to 1,000 times per niinuU\ J 
The grinding, indeed, is mainly accomplisheil 
the mpidity of revolution, and the number 
teeth which tlje piece of rag meets in its pan- 
sage tluxingli tlte machine. 

Proj>erly blended w4tJi the pro-j 
portion of new wool to make 
the class of goods intended, 
mixed shoddy is ready for 



JlL 
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THt "Dkvil" Rao HAcatyE. 



— ^prolmbly l>ecause it is a roaiing lion devouring 
the ]>ieces of cloth or woi"st4-d jdHced in its nuiw. 
Its function is to tear the cloth to tatters, ami 
reduce it to something like the condition in which 
it was befoi-e originally Ijeing spun. 

The rag macliine, or " devil '* as it is sometimes 
wdhxl, now in use in tlie Bath*y district^ differs con* 
sitlcmbly from those with which Mi% Law and his 
coiitf*m|H>rariea intit)thiced shoddy to the world 
The oiiginal nuichines were conical in shape, and 
the j-ags were torn to pieces by teeth set in plat^vs 
in the interior, somewhat resembling doffing' plates* 
Wlien sufficiently **gromul," they fell into a 
cluunber thraugh which a fan caused a sti'eam of 
air to be driven. Tlie material ditlcrence in tlio 
new niachiues is i*ather in detail than ]nincipli\ 
Instead of Ijeing t4>rn at the level of tlic usceuding 



quent pi^ocesses, which ai-e identical witli thtme 
chiiriLCteriHtic of tlie cloth tmde. The advanta£;o 
of this coai-ser kmd of cloth is that ** shorts *" an*! 
** noils/' which would be useless in the woi'sted . 
nianufactui'e, ai*© utilised hm-e* ** Shorts" are 
eoiii'ser and shoiter portions of fleeces used in 
woi*8ted tnide unlit for combing, and ** noils" are tliv^J 
refuse combings both of coal's© and fine wools, 
sides this, many coarse species of wool from Busaii^l 
Turkey, Egy|>t, and other countries, which wor 
or woollen mamifacturers couhl not use, are 
into the lower chisses of shoddy fabrics* 
years a large quantity of union clotha — oomf 
of cotton warp and shoddy weft — hnve been ou&ii- 
factui^fl, so that a considei'able quantity of ^ 
tliivad is demanded in the districts 

When the old clothes or i^ags have been •*! 
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for devilling, tbe aeaiiiB &re not thrown away. Iii- 
deeil, notliin^f in the bales is wastt^d. The seams, 
after having been rotted, aiv used for mannrep and 
sent j»articularly to tlie hop-gi-onnds of Kent, and a 
selection of thoee from the best goo^ls art? gix>und t-o 
stuff matti'efiaes end furniture. Hhoddy dust, which 
cornea from the nigH while Ix^ing ** devilled/' and 
that which falls fi-om the *' willy ahaJker/* satu- 
mted with oil, form rich manure. More recently, 
the dry dust has been applied in the niantifacture 
of what in known as ** Hock " jKijifer hangings, and 
with it the best descriptions are obtained* Even 
shoiMy after being worn is I'e-manufiictui^d, esj^- 
cially the better sorts. Union cloth, however^ was 
for a long time unable to be worked up again, the 
cotton warp being a Viarrier to the manufacture. 
Modem science has solved the proVjlem, and to-<lay 
either the cotton can be destroye^i by the help of 
acids, leaving the wool wninjured; or, should the 
cotton lie the moi'e valuable ^mil of the clothe the 
wool i.s singed into a cinder, while the former i-e- 
mains unaffected, and, of course, cajMible of doing 
freak service. These processes of extinction have 
given the title of " extract '* to the residue. 

Shoddy is manufactured into many kinds of clotht 
and, yomig as the tratle i>s, some sorts made years 
BgQ have since lieen totally discanleiL Among the 
kuids still most largely made ai'e friezes, sent {taili- 
cularly to Ireland and America ; witneys, either 
j*hiin or in fancy styles, or in imit^ition of fur, 
chiefly used for ladieH* cloaks and jtickets ; pilots — 
the staple of the shothjy tnide — ^are made of various 
colours, but principally blue, black, and brown. 
They have a fine finish, are close ci-opjied, and in 
great demand. The price ranges from one t-o ten 
shillings per yard, but most of the naedium 
ipiality is sold. Aj-niy cloth — the sort from 
which soldiei-s* great-<?oata are made — en- 
gages many manufacturers; i^evei-sible^s, or 
fancy cloth, much the same on both sides, 
and used for coatings, is extensively fabri- 
cated; cheviots and tweeds, of mixed 
eoloum, are piwluced to a considerable 
extent ; and low-class cloth, for hoi-se-nigs, 
linings, moj-j-cloth, floor-cloth, ifec, occupies 
attention of various firms. 

Batley, so xv^cently as 1841, ha<l not more tlian 
7,rM>t> iidiabitants ; in IHfiO it had risen t^ nearly 
13,000; and in 1871 it was 20,871. Dewsbury, 
which hml 8,000 simjIs in 1831, had 14,000 in 1851, 
and 24J64 in 1871. Heckmondwike had 4,500 
in 1851, and in 1871 no le.ss than 8,:]0a TheKe 
fisfines inilicate the strides which the 8ho<ldy tirade 



has mafle ; and this is still frnlher l)orne out when 
we refer to the factory returns. Those for 1875 
show that in England and Wales there wei'e 123 
factories, nmning 101,134 spinning spindles and 
1,437 power looms, with 3,424 factory operatives. 
These, of course, only repi^sent a small section o^ 
the work-jieuple, for it may Ije saiil that at least on* 
foui*th of the population of the diJitricts in w^hich 
the trade is cairied on ai^ dii*eetly engaged in it 
Taking the years between 1871 and 1875, we find 
the following results : — In 1871 there wei-e import-etl 
24,219 tons of woollen rags, valued at £498,754 ; 
in 1872, 29,302 tons, worth £534,329; in 1873, 
24,827 tons, at £468,556; in 1874, 25,581 tonr, 
valued £547,399 ; and in 1875, 25,415 tons, wortli 
£599,402. Pmbably we must add one-third at least 
to these figures, to allow for the home production, 
which will bring the total for 1875 up to 33,886 
tons of lugs. of the value of £799,202. Taking the 
dettiils of the year 1875, we tind that Gennany sent 
us 6,899 tons, at £159,320 ; Denmark, 1,328 tons, 
at £27,080; Holland, 3.309 tons, at £87,947; 
Belgium, 4,500 tons, at i' 142,867; France, 7,335 
tons, at £138,413; Italy, 360 tons, at £8,663; 
the United States, 397 tons at £8,660; and othet 
countries, 1,377 tons, at £26,446 — or mi avei-age 
of £23 lOh, per ton. 

Perhaps a few words ought to be said Iiere alxmt 
felteil cloth, which is closely affiliate*] to the shoddy 
trade, inasmuch as it *teals with tlie same sort of raw 
material This manufactuix? Ls largely cfimed on 
at Leeds. Felted cloth is nsetl for table covers, 
ujdiolstery cloths, cnimb clotlis, caa^jM^ts, and various 
other purposes. The processes of manufticture are 
comparatively simple. When tlie i-ags have been 




the 




pi*oi)erly ground, scoured, and cleaned, the wool is 
passed to immense ciirders, which deliver the mate- 
rial not in many narrow strifw, but in one bixjad 
** sliver " or band several feet wide, and veiy littlf 
thicker than a cobweb. As the dofler knife frees 
it from the macliine, it ia wound on to a broad 
ixiller. A number of these I'ollei's are then taken 
to a warj:>ing macldne, where tliey are unwound 
simultiineoualy, the ** sliver** of the second falling 
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on the first, and so on, till the required thick- 
ness has been obtained. For most materials this 
warping is seldom less than an inch thick. As 
this thick, soft band leaves the warping machine, 
it is made to pass between a pair of feed-rollers 
attached to a trough, a section of which is shown 
in the accompanying figure. The feeding rollers 
are at a, and the band passes between a set 
of rollers marked B and c, partially immersed 
in hot soapy water. Tliose marked b are hollow, 
charged with steam, and those marked c of solid 
wood. The rollers B simply revolve on their 
axis, but the othei-s besides this have a "shog- 
ging" motion from side to side laterally, so as 
to rub the "sliver" and induce the fibres of 
the wool to felt. The sliver passes out at D 
fine thin felt This is dried, pressed, printed 
in machines similar to those used by calico 
printers with the I'equired pattern, or dyed one 
colour, as the case may be, pressed, and sent to 
market. The most inferior wools, noils, rags, and 
even admixtures of old flax and cotton, can be 
utilised by this process. 

This naturaUy leads us to the manufactiu^ of felt 
hats. Formerly the felting was done by hand pres- 
sure upon a mould shaped like a cone, with the apex 
round instead of diminishing to a point ; but now 
one of the best machines is a very simple contri- 
vanoa Fed by an endless apron, the wool is carried 



into a chamber through which a strong current of 
hot air is foix^ by a mechanical fan. As only a 
very small portion of wool is admitted into this 
chamber at a time, in its course fibre is blown 
from fibre, till at the other end it is ejected a 
shower of wool. Close to the orifice by which it 
escapes is a huge perforated cone, round topped, 
and covered with a wet blanket, from the interior 
of which the air, as it revolves, is gradually pumped. 
This cone, or mould, revolves rapidly on its axis 
vertically, and the shower of wool as it leaves the 
hot-air chamber falls in flakes round the sides of 
the mould. The withdrawal of the air from the 
cone causes the fibres of wool to cling to the blanket, 
till a sufficient thickness has been obtained. The 
cone is now removed, and subjected to mechanical 
pressure in a hot bath till the clinging wool fibres 
have become a solid piece of cloth, when it can be 
moulded to the shape required. The bath, if the 
felt is to be soft, is merely soap and water ; and if 
stiff, contains a glutinous substance, which binds 
the particles of wool during the process of felting, 
leaving it to retain its pliability long enough to 
admit of the future hat being moulded to the 
required shape. This branch of trade gives em- 
ployment to a considerable number of people — 
feltera, finishers, and women who sew on the bind- 
ing, linings, &c., as well as those who fabricate the 
boxes used by hatters. 



FOREIGN RIVALRIES.— V. 

COTTON MANUFACTURE. 



By H. R. Fox Bourxe. 



THOUGH wool was in former times the staple 
article of textile manufacture in Great Britain, 
with linen and silk in competition with it, cotton is 
now of far greater importance than all three put 
together. Of the entire produce of our textile 
manufactories the value of the cotton goods and 
yams constitutes more than 67 per cent, while 
that of woollen and worsted materials, including 
carpets and the like, is only 23 per cent. ; that of 
linen of all sorts, barely 7 per cent.; and that of 
silken fabrics considerably less than .3 per cent. The 
growth of our cotton industries diuing the past two 
or three generations is, indeed, one of the marvels 
of the history of trade. In 1820 our country pro- 
duced over 108,000,000 lb. of cotton yam. That 
quantity was nearly quadmpled by 1840, and 



increased ninefold by 1860, when, on the eve of the 
cotton famine, the yield was about 966,000,0001b. 
Since then, the advance has not been great, but in 
1876 it exceeded 1,131,000,0001b., about a fourth 
of which, as in former years, was exported, the i-est 
being retained for working up at home. In 1850, 
again, we exported about 1,000,000,000 3rards of 
cotton cloths, besides all that were consumed at 
home ; and from that time, in spite of the disasters 
of the cotton famine, and the trade depressions of 
subsequent years, the quantity has increased on an 
average by just 100,000,000 yards a year. In 1 876 
it amounted to 3,669,404,374 yards, and had a 
declared value of £54,859,535. Taking piece goods 
and yams together, we find that whereas in 1851 
the total value of our exix)rts was £30,088,836, it 
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liiul risen in 1871 to j£7 2,6 78,945 ; and there wits 
hardly auy country in the wo fid for whidi we did 
not cater veiy inucti more in the latter tliiiii in the 
foiTier year. Our siiipply to E*jj}'jit was inci-ojLsed 
iijore than sixfold ; to China and Ja|>an, about four- 
fold ; und to India, Autstrulia, aiul many otlitT j)iU'ts 
About threefold ; the Euro]^^»^in countries, as a whole, 
taking from na fully twice an much. In 1871, it 
has been estimated, eacli inhabitant of the world, 
including our own country, sixnit on Britlsh-miide 
cotton goods, ujKjn an avenigej nearly Is, 2d,, the 
proportioii lunging fixjm Ud. in Russia, to lUs. id, 
in Austitiliii, and UnugJishigh as 4s. 7d. in Mexico 
and the West I utiles, 4s» lOd. in BntLsh North 
America, 5b. 9d. in South America, and 5a, 2d* in 
Germany, the husit-named beiug our largest cus- 
tomer, with the exception of Inilia and Ceylon. 

With Buch figmvs bt'foi-e us as those fixini which we 
have taken the above illutiti-ations, and with the 
knowledge that, if the spread of civilisation and the 
low price at w^hich cotton garments can now be 
produce* I, have encourjtged va.st nu udders of i>eoj>le 
to clothe themselves, there are vast numbera yet 
waiting to ac^juire this commendable habit, it may 
lie thought that there is little ground for Hlarni as 
to much real iujmy coming to Englimd fi*om foreign 
eomiH5tition in cotton manufactures. All the facts 
tliat we have to deal with, however, are not con- 
sola tor)% and some of them, though they may not 
justify all the feui-s they have excited, are at amy 
rate full of wandug. 

It is quite cleai\ in the &-st place, that Great 
Bntain has lost the overwhehuiug su[)remacy, 
jdmost amounting to a nionoiioly, which it till 
lately enjoyei.1 over the other countries of Euroj^. 
India has, of coui*se, earned on from remote times 
an impoitant cotton uianufacture, though inadequate 
m quantity and imsuSted in character to meet the 
wants of its own i>eopla For many centuries after 
the introduction of the cnift into Euroijc, England 
ahared with some of the Continental nations the 
advantage of obtaijdng small quantities of Indian 
fibre to be spun and woven at home ; and in i-ecent 
times the demaml for nioi-e cotton than the Uidted 
States could furnish, especiiiUy during and since 
the [period w hen the Americiin civil war ]>ut a check 
ujion the trans- Atlantic supjdiej^, has given a great 
stimulus to the cuktvation of the plant south of the 
Himalayas, in oinler that its pnxluce may be sent 
to Ein'o[je. N»>ither of this ludiiin cotton nor of 
the exportat ions from Turkey, E^^ypt, and elsewhere, 
however, Inis EuL^lanrl ever i^^ceivetl a very great 
ohare. Lai^ poiiions of them have gone to meet the 



wants of other countries, and, till lately, those wants 
wet^ in lai'ge measure satistied by importations from 
the East. It was ditlei'ent with the cotton grown in 
the West Indies, and afterwards to a %'ery much 
greater extent in Yii'ginia imd other paii^ of the 
United .States. Cultivated especially to answer 
the i^uii'ements of oui* own coimtry, nearly al! of 
this cotton wim for a long time sent to it. This is 
no longer the case. Out of the 4,615,383 bales of 
cotton i>ix>duced in the Unitetl States in 187G, nearly 
30 i>er cent, wtui retained in the comitiy itself; 1(> 
per cent, went to Fnince ; more than 10 per cent tc 
the North of Eui'Oj>e ; and more than 4 per cent Ut 
other i^n-ta. England I'eceivtjd oidy 45 i>er cent. 
That supply, it is true, exceeded 2,000^000 bales, to 
winch was added, after deducting the quantity re- 
ex portetl in a raw stsite, about 1,000,000 moi*e Imleii, 
obtaiueil from the Ea>st and We^t Intlies, Bnizil, 
and Eg3q)t, so tliat the whole stock used up in 
England— 3,095,000 bales, or about 00,000.000 IK 
in all— Wius more than twice as great as that in all 
the vent of Eumpe, and altout four times as gie^itas 
that in the United States, It was hanlly leSF, 
momover, than the supplies of the pi*e\iou8 four 
yeai^s, *Mid far uioi^ tlian the country had been able 
to use up in earlier- times ; but tlds does not lessen 
the aigniticiuice of the fact that the Uiiite<l States 
and several Continental countiies have been 
increasing their imixjrtations, while England has 
biirely maintained its level. In 1875— G, wlule it 
is estimated that in Great Britain there were 
3D, 000, 000 spindles, the foil owing were the num- 
bers set down for the other cotton-maimfacturing 
countries in Eui'0|>e: — Fmnce, 5,000^000; Genuan} , 
4,650,000 ; Rnssia and Poland, 2,50O,Ofl0 ; Switzer* 
land, 1,854,01)1 ; 8pain, 1,750,000 ; Austria, 
1,555,000; Belgium, 800,000; Itdy, 800,000; 
Sweden and Norway, 305»000 ; and Holland, 
230,000. The number of spindles in the Uniteil 
States was 9,500,000 — ^as many oh those of the mos:. 
active countries in Euroi>e, France and C»ermany, 
put together. 

It is not at all strange that the gi*eat American 
ixqiublic, having such rich stores of mw ootton at 
its hands, shoidd endeavom to make up iuto cloth- 
ing a snthcient quantity to supply, at any rate, the 
wants of its own |H?ople ; and that it will ilo this in 
time, if it does no mot^, may Ije counted u|ion. The 
nipid progress made in recent years, however, has 
lieen altogether ailificial, behig due to the protec- 
tive |H>licy of the Goverumfiit, which, if causing 
some injury to EuLcland, has done even yet greater 
harru to the country itself On this snbject some 
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sentences from the message of the Gx)vemor of New 
York, to the Legislature of that State, in 1877, are 
worth quoting. Referring to the trade depression 
consequent on the civil war, he said, " Individuals 
and corporations engaged in the various branches 
of manufacture, taking advantage of the necessities 
of the Government, rushed to congress, and by 
every means in theii* power, procured each for its 
own benefit the levy of what were called protective 
duties, under the false pretence of raising revenue 
for the Government, but really to compel con- 
sumers to pay exorbitant prices for the favoured 
articles. Under the stimulus of this so-called pro- 
tection, new enterprises were undertaken, new and 
extensive factories built, and armies of labourers 
allured by high wages from fields of agriculture and 
other sober and rational employments of life. The 
few notes of warning raised against this wild over- 
action were unheeded. Extravagance of expendi- 
ture, the absence of everything like frugality and 
economy, obtained in all directions. The empty and 
delusive bubble thus raised could not endure, and 
although kept afloat by the whole power of the 
(jovemment, so long as it was possible, it met at last 
the inevitable day of doom. Imaginary fortunes 
vanished in a moment, ill-advised schemes were 
suspended, and tens of thousands of innocent and 
imfortunate labourers were left without employ- 
ment or the means of subsistence." Under the 
influence of these pernicious arrangements, America 
has lately manufactui^ cotton goods, chiefly of the 
rougher sorts, not only for the use of its own people, 
but also for sale in other countries. Its export 
trade in such cotton goods, during the past few 
years, has, indeed, inci-eased with amazing rapidity. 
In 1872 it sent abroad, chiefly to the East Indies 
and South America, 11,704,000 yards; in 1874 the 
quantity had risen to 17,837,000 yards; in 1876, to 
75,807,000 yards; and in 1877, to 105,831,000 
yards. This steady movement requires some other 
explanation than that of the English optimists who 
assert that the goods which the Americans dispose 
of in English markets, at prices lower than English 
makers can aflbnl, ai-e only surplus stocks, which 
they find it better to jmrt with at heavy loss than 
to keep idle in their warehouses. But it does not 
justify all the alarm which in some quarters it has 
stirred up ; and, on the other hand, it must be borne 
in mind that America still finds it necessary to 
obtain from Europe, in large quantities, the finer 
fabrics which the native factories are unable to 
supply. "As regards their own markets," says 
Mr. Isaac Watts, of Manchester, "the manu- 



facturers of the United States hold the supremacy, 
not on account of the superior excellence or greater 
cheapness of their goods, but solely through the 
rigid exclusion of foreign and competing fabrics 
Their tariff* is arranged expressly to prevent com- 
petition, and to insure to native producers a 
complete monopoly, so that if English-made goods 
appear in these markets, the purchaser must pay 
for them from 30 to 50 per cent, more than he 
otherwise would do. This addition of 50 per cent 
more or less, is not to be attributed merely to the 
greed of the American manufacturers — it is not so 
much extra profit which he obtains at the expense 
of the consumers — but it is owing chiefly to his 
inability to pix>duce the goods as cheaply as his 
foreign rival, and the remedy is obtained by keep- 
ing that rival altogether out of the market. As 
regards America, therefore, it is not a question of 
competition at all, but of exclusion and prohibition ; 
and whenever this shall cease, and equal terms be 
secured, England will have no reason to be afraid 
of the issue. She is not now beaten in the contest, 
but only kept out of the field by impenetrable 
barriers. The policy itself is sufficient indication 
of the views which prevail in America as to the 
ability of England to compete with her manu- 
facturers. Neither in the raw material, machinery, 
skill, nor cost of labour, have American manufacturers 
any special advantages, whilst in some respects they 
are less favourably circimistanced than their English 
rivals. Nothing but abandonment of the system 
of exclusion, now so rigidly upheld, is wanted to 
render the trade with America as extensive and 
important as that which England carries on with 
any part of the globe." If that anticipation is 
somewhat too sanguLie, it may be taken for granted 
that when the Americans have discovered the folly 
of their protective policy, affairs wiU so far right 
themselves as to give England a sui'e footing in the 
honourable competition between the two nationa 

In Germany and the other Continental countries 
which rely especially on protective duties to assist 
their trade in cotton goods, the main conditions are 
to a great extent the same as in the United States. 
As regards France, our chief Continental rival in 
this branch of manufacture, and such other countries 
as Switzerland and Belgium, the case is different 
Mr. Hugh Mason, a great practical authority on 
this subject, though hardly to be implicitly followed 
in his economical views, published in March, 1877, 
the I'esults of his inquiries into the condition of the 
French as compared with the English cotton trade, 
" The French spinner, he said, " is at no disadvantage 
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whatever in tlie cost of buildijig his factoiy and of 
fbdng Kuch plant as steam engines, boilei'S, and 
main gearijig, Wliea the factory has been built 
and fitted np, it must Ijc fitt^^d with machinery ; 
and there ia no doubt that Fi^ench machinery of 
the present day h m all msj^cts as go<jd and as 
cheaji as the English spinner cp.n buy. Indeed, in 
a very few im]3ortant jjjiplianee^ in the eanling room 
the French have lately taught the EnglLsh some 
useful ami practical lessons. Up to the i>oint of 
tlie i;u^tory being reaily to caixl the cotton and to 
spin the yarn, the French spinner is on a par with 
his English rival/* In some other respects he ai> 
pears to have a distinct advantage. It is luifair, 
of course, to compare the w*age mtes of the two 
countries without taking account of the working 
enpactties of the inhalutants. But no one 04in su|>- 
|X)se that the services of an English grinder at 24s, 
a week, ax'e as cheiip as those of a Frenchman at 10b,, 
or that a French roller coverer is not likely to do 
more than 63 per cent, as much work in a week, 
for which he is p^iid IDs., as an Englishman, who 
recetres 30s. " In a factory of 50,000 sjnndlcs," 
aaya Mr. Mason, ** 30 mindei^ will be retjuired, 
giving 1,080 sjiindles to one minder. Thei-e is no 
difference in the two countries ia the number of 
Fpindle^ put under the control of one minder. The 
J'rench pay their 30 minders in wages the sum of 
X 1,852 a year. Tlie English pay their 30 mindei-s 
-£2,652 a year, Lf^t the same testa be applied to 
other departments of laixjur, and the i-esult will 
ahow that the French capitalints will make good 
profits when the English capita^lists would be ruined. 
I have made this mmparison, so far very \m- 
fortnnate to the English spinner, on the basis that 
the English an<l French factories are equal in hours 
of labour. When, however, the actual liotira of 
work are comited, the contrast l>ecomes startling* 
Tlie English factory works 56 hours a week, or 
2,9 1 2 hours a year. The French factory works 66 
hours a week, or 3,432 hours a year. Here it is 
that the dead weight of high-priced hibour l»eeomes 
so burdensome to the English spinner. Tlie French 
pay the 30 minders £1»852 for working 3,432 hours, 
and the English pay £3,125 for the same number 
of hours. This is in one department of hilwiir." 
After saying much else to sti'engthen his argtiment, 
Mr. Mason adds: — "In my comiwirison of English 
and Fi'ench fifictories, I have not taken exti-eme 
nases; I have comjiared a well-managed modern 
factory in Oldham with a siniilar factory in a well- 
IcBOwn town in France, nnd my comfmrison will be 
found to be a fair one for tlirec-fourths of the 
40* 



entire trade in the two ooun tries." It must be 
remembered, however, that if the lower wage rat© 
in Fnince helps to make Fi'ench cottons cheap, a 
much more important item in the calculation is the 
fact that the lower rate of interest in France com- 
pels the French employer to be satisfied with smaller 
profits than w^ould content an English capitalist. 

If the industrial supremacy of England has 
hitherto given it an advantage over not only 
France, but all other countries as well, and has 
thus induced both emjdoyers to look for greater 
profits, and w^orkmen to look for higher wages, 
than are elsewhere to be obtained, imtil their very 
elements of success havo become sources of weakness 
to onr cotton trade in its competition with that of 
other CO im tries, it tnust be remembere«J that wdiat- 
ever danger hangs o^er it is still more due to other 
causes. High wages may be che^iper than low 
wages, if the workman to whom they are jmid 
makes adequate return for them by showing supe- 
Yior skill and energy in his craft, and large profits 
may lie safely insisted upon if they am earned by 
the shi-ewdness and honesty of the employer. In 
these respects both masters and men in England 
may at the present time be as deserving as they 
or their fathera wei^ in former years ; and yet Ixjth 
will suffer if foreignei's learn to vie w^ith thera in 
the exercise of the^e qualities. There can be no 
doubt that, though imi)rovemente in machines may 
give sjMicial advantagea to those who start them, 
they tend, as they come into geneml utse, to reduce 
the relative value of physical, if not also of intel- 
lectual and even moi-al, sujx^riority. Good tools 
lessen the inequality between a bad workman and 
a good one j and tlie possession of the W'^t maelii* 
nery may, to a great extent, supply ite owner*8 
lack of bttLins. If that is true of individuals, it is 
as true of nations, "\l1iether or not there is still 
among Englishmen as much superiority in industrial 
capacity as they used to be credited with, machinery 
has greatly assisted other people in competing with 
thera. Testimony to this eflect might be given in 
abundance ; but a few sentences from official re- 
ports made to our Government will suffice. Mr. 
Bedgrave, the ftictory inspector, who went a few 
years ago on a special visit of in(]uiry to Fnuioe 
and Belgium, for instance, speaking of *^ the in- 
creased and increasing size of factories*' in those 
countnes, says that ** a few years have made a 
great diffei'ence, and now the commercial arrange- 
ments of a French and Belgian factoiy bear no 
mean comparison with our own/' In S^i-itzerland, 
Mr, Gosling i^iK>rts, tliough machinery and coal aro 
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much dearer than in England, the skilful use of 
water power more than compensates for this, so 
that " the balance seems to be greatly in her favour, 
and under present cii-cimistances caimot fail to be- 
come still greater from day to day." In Germany, 
protection cripples the ti*ades it is meant to culti- 
vate, but they make progress in spite of it. " The 
producing power of the Prussian spinning and 
weaving factories is decidedly on the increase," 
says one authority, the reason being that " machi- 
nery has been generally much imj)roved." In 
Bavaria, according to another, there are " factories 
supplied with the best and newest machinery, in 
which only about half the number of workmen are 
required for the same amount of production as were 
necessary twenty years ago with the machinery then 
in use." From other countries the repoiia are to 
the same effect. 

There is so much resemblance, in some respects 
such identity, between the conditions of cotton 
manufacture and those under which other textile 
fabrics are i)roduced, that our notice of some ele- 
ments of rivalry may be conveniently deferred until 
those other fabrics are treated of. In the manipu- 
lation of silk and linen, for instance, we see more 
plainly than in that of cotton the disadvantages under 
which England competes with some other countries 
througn want cf artistic refinement and through 
inapti-8S3 Li catering for the peculiar tastes, good 
or ba/i, of foreigc customers. Tliere is one danger 
ahead, however, ^hlcli appL*3s especially to cotton 
manufacture, and 7/hich, the ugh it has nothing to 
do with art, parUy arises from unwise efforts to 
satisfy a more or 1 sss perverted taste. In endeavour- 
ing to produce showy goodfi »t the lowest possible 
cost, manufacturers are encoui-aged to resort to 
tricks of all sorts, which, however profitable at 
the moment, are sure to be prejudicial in the end ; 
but which, for all that, there is a fatal temptation 
to emulate. Discreditable as the fact is, it is still 
a fact that the reputation formerly acquired by 
England for the excellence of its goods is now often 
used only to palm off goods of inferior quality. 



If this continues, the result cannot be uncertain, 
and in some instances it is already showing itself 
very plainly. Thus, Mr. A. J. Wilson writes as 
follows, in his able work on "The Resources of 
Modem Countries," which appeared early in 1878 : 
— "China is our second best customer for plain 
cotton fabrics, coming next to India, and the loss 
of her trade, or any part of it, would be assuredly 
most seriously felt. Several causes, independent of 
the financial position and of our own folly, combine 
to render our hold of the trade and our power to 
expand it much less assured than it was a few 
years ago. Chief of them appears to be our own 
dishonesty. We have in the greedy, unscrupulous 
competition which modem business habits have in- 
troduced into all departments of trade, made and 
sold to the Chinese bad, heavily-sized fabiics, to an 
extent that has discredited our productions as against 
both the coarser but cheaper and stronger home- 
made tissues and the better-made cottons of the 
United States. The Chinese are large growers of 
cotton, and probably about four-fifths of the entire 
consumption of cotton cloths are stiU of home ma::^ 
facture — in the interior of China, at all evmits. 
Whatever depreciates the character of our goods 
must necessarily perpetuate the disposition to prefer 
the home-made fabrics to ours. In time, however, 
this mischief of dishonest fabrics would perhaps 
cure itself by the ruin of the mischief-makers, weis 
there no other element of danger to fight against 
than native competition. But both the Americans 
and the Dutch, and to some extent the Germans, 
now compete with us in the Chinese markets, and, 
though none of them make much way, both the 
Americans and the G^ermans appear to compete 
with at least a promise of success." It is for 
English manufacturers to consider whether, besides 
all the legitimate obstacles that they have to over- 
come in this competition with foreigners, they will, 
by forfeiting their old character for honesty and 
good workmanship, inflict uix)n themselves tar 
greater injury than the worst that can result from 
other causes. 
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